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SENERAU DYNAMICS 
Convtir OMshn 

TC-2 CENTAUR MISSION OBJECTIVES 

PRIMARY - INJECT TE-M-364-4/HELIOS STAGE. 

SECONDARY - PERFORM POST-HELIOS CENTAUR EXTENDED FLIGHT PROPELLANT MANAGEMENT 
AND PROPULSION EXPERIMENTS. 

• DEMONSTRATE CENTAUR CAPABILITY TO PERFORM OPERATIONAL 2 -BURN MISSION WITH 
EXTENDED ZERO-G PARKING ORBIT COAST. 

• OBTAIN DATA TO EVALUATE: 

* CENTAUR CAPABILITY TO ACCOMPLISH AN OPERATIONAL 3 -BURN SYNC. 

ORBIT MISSION. 

A PROPELLANT BEHAVIOR DURING ZERO-G COAST OPERATIONS AND SETTLING 
REGIMES. 

A TANK PRESSURE PROFILES FROM COAST PHASE ENVIRONMIENTS AND OPERATIONS 
AND PRESSURIZATION PHASES. 

A COMPONENT THERMAL HISTORIES AND THERMAL CONTROL TECHNIQUES. 

A REACTION CONTROL THRUST SYSTEM PROPELLANT SETTLING AND VEHICLE 
CONTROL PERFORMANCE (AND H202 CONSUMPTION). 

A PROPULSION RESTART SEQUENCES. 

A BOOST PUMP PERFORMANCE. 
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TC-2 POST HELIOS EXPERIMENT 3ioct7s 




TERMINAL ORBIT (CENTAUR) 
APOGEE ALT. = 85,597 N.MI. 
PERIGEE ALT. = 952 N.MI. 
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COAST 2 


EVENT 


TIME (SEC) 


1.0 HR. ZERO-G 
(MEC02 RESIDUALS 
= 5185 LB) 


TE-M-3 64-4/CENTAUR SEP'N AND CENTAUR 
RETROTHRUST GHe BLOWDOWN 
START ORIENT TO -R VECTOR 
CCVAPS VENT CONTROL ON 
SELECT HIGH-GAIN ANTENNA 


MEC02 + 72 
+ 116 
+ 300 

+ 33.3 MIN 


BURN 3 2-S ON (START SETTUNG) MES3 - 420 

11 SECS FDCED 4-S ON - 120 

(MEC03 RESIDUALS CCVAPS PRESS’N ON - 43 

= 4399 LB) BOOST PUMP START - 28 

PRE -START - 17 

MES3 0 


COAST 3 

3 HRS. ZERO-G 


P&Y H 2 O 2 ENGINE WARMING FIRING 
INIHATE THERMAL ROLL 

S-H 2 O 2 ENG. WARMING FIRING 
REDUCE ALLOWABLE ATTITUDE ERRORS 
INITIATE PROGRAMMED VENT 


MEC03 + 120 SEC 
MEC03 + 28, 56, 84, 112, 140, 
& 168 MIN 

MESS + 50 & 100 MIN 
MEC03 + 120 MIN 
MEC03 + 143 MIN 


BURN 4 2-S ON (START SETTLING) MES4 - 420 

48 SEC’S 4-S ON - 120 

WEIGHT CUT-OFF CCVAPS PRESS'N ON - 43 

(MEC04 RESIDUALS BPS - 28 

= 1094 LB) PRESTART - 24 

MES4 0 
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EVENT 


TIME (SEC) 


COAST 4 
27 MINS. 

(MECO . TO UN- 
LOCK VENT 
VALVES) 


CCVAPS PRESS’N ON 
CCVAPS PRESS' N OFF 
4-S ENG’S ON 
BOOST PUMP START 
PRESTART VALVES OPEN 
BOOST PUMPS OFF 
4-S ENG’S OFF 
PRESTART VALVES CLOSED 
4-S ENG’S ON 
4-S ENG’S OFF 
UNLOCK VENT VALVES 


MECO4+10 

110 

200 

280 

300 

305 

306 

505 

506 
1606 
1610 


BOOST i 
PUMP I 
EXPERIMENT 


TANK r 
BLOWDOWN 
EXPER’T 1 


H 2 O 2 DEPLETION 
EXPER’T 
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U>2 
PU PROBE- 


MEASURENtENTi 
NUMBER 


CM241X 

CM242X 


CM32QX 
CM319X 
CM247X (1} 
CM248X (1) 


CM2S2X 

CM251X 

CM254X 

CM253X 

CM25SX 

CM256X 


1 lOCATtON t 

STATION 

RADIAL 

2485 

310 

2473 

340 

2410 

182 

2410 

62 

2393 

70 

2393 

190 

2320 

310 

2320 

190 

2309 

302 

2309 

182 

2302 

190 

2302 

310 


NOTES: Cl) 

L-V SENSOR MOUNTED PARALIEL TO 
lONGlTUDINAL AXIS. ALL OTHER 
SENSORS INSTALLED NORMAL TO 
LONGITUDINALAX15. 
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CENTAUR SECOND COAST (LO? TANK) 
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• PAYLOAD SEPARATION OCCURRED AT MEC02 +72 SEC FOLLOWING RETRO-BLOWDOWN. RE- 

ORIENTATION OF THE CENTAUR WAS INITIATED AT MEC02 +116 SEC. A ONE-HOUR NEAR 
ZERO-G COAST FOLLOWED. 

• ANALYSIS INDICATES THAT BETWEEN 15% AND 30% OF THE LO 2 IN THE THRUST BARREL 

DRAINED OUT DURING THE RETRO-BLOWDOWN MANEUVER. 

• AFTER THE RETRO -BLOWDOWN MANEUVER, THE LO 2 FORCED FORWARD WOULD BEGIN TO 

REORIENT IN ORDER TO MINIMIZE LIQUID PRESSURE. LIQUID PRESSURE AT THE NEAR 
ZERO-G LEVEL IS SURFACE TENSION DOMINATED. 

• THE STEADY STATE LO 2 ORIENTATION WHICH WOULD EVENTUALLY BE REACHED IS SHOWN. 

THIS CONFIGURATION ASSUMES MINIMUM DRAINING OF THE THRUST BARREL. 

• rr IS BELIEVED THAT THE STANDPIPE ENTRY AND BUBBLER RING WERE IMMERSED IN LO 2 

THROUGHOUT COAST. 
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VEHICLE STATION 


2290- 

2280- 

2270- 

2260- 

2250- 

2240- 

2220 - 

2220 

2210 ' 

2200 

2190 


TC-2 2ND COAST STEADY STATE 
lOo PROPELLANT CONFIGURATION 


GENERAL DYN AMICS 

Convstf Div/sion 

31 Oct 75 
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0 IMMEDIATELY FOLLOWING MEC02, FORWARD MOVEMENT OF LH 2 WAS INDICATED BY PRO- 
GRESSIVE WETTING OF L-V SENSORS AS TABULATED BELOW: 

TIME WETTED 



SENSOR ST A. 

REFERENCED TO MEC02 

CM248X 

2393 

10 SECONDS 

CM247X 

2393 

18 SECONDS 

CM319X 

2410 

37 SECONDS 

CM241X 

2485 

62 SECONDS 


• DURING THIS COAST, CM241X WAS WET 90% OF THE TIME WHILE CM242X WAS CONTINUOUSLY 

DRY INDICATING THAT, ALTHOUGH A SIGNIFICANT AMOUNT OE LH 2 WAS FORCED FOR- 
WARD, THE MAJORITY REMAINED AFT. 

• THE L-V SENSORS JUST BELOW THE FORWARD SLOSH BAFFLE (CM247/8X) SHOWED WET 

THROUGHOUT THE ZERO-G PORTION OF THE COAST. THIS IS EXPLAINED BY CONSIDER- 
ING THE SLOSH BAFFLE MICROSCOPICALLY (I.E., ROUNDED EDGES WHICH SATISFY 
A ZERO CONTACT ANGLE WITH LARGER QUANTITIES OF LH 2 ). THE MAXIMUM QUAN- 
TITY WHICH CAN BE CONTAINED AT THE SLOSH BAFFLE IS 39.4 FT3. THE QUANTITY 
REQUIRED TO JUST WET CM247/8X IS 37.2 FT3. 

c THE L-V SENSORS JUST ABOVE THE AFT SLOSH BAFFLE (CM251/2X) INDICATED WET 75% 

OF THE TIME WHILE THOSE MOUNTED ON THE SLOSH BAFFLE (CM253/4X) WERE WET 
25% OF THE TIME. THIS BEHAVIOR IS BELIEVED TO BE CAUSED BY DISTURBANCE OF 
THE LH 2 SETTLED AFT ABOUT A STEADY STATE CONFIGURATION AS SHOWN. 
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• FOLLOWING MEC03, VEHICLE ACCELEEATION DROPS IMMEDIATELY TO =s;10"8g RESULTING 

IN PROPELLANT REORIENTATION TO MINIMIZE LIQUID PRESSURE. 

e AT MEC03 THE LO 2 LEVEL IS SLIGHTLY BELOW THE TOP OF THE THRUST BARREL. A 

SPHERICAL GAS BUBBLE WILL BE TRAPPED WITHDSr THE THRUST BARREL AND DRAINING 
WILL NOT OCCUR. 

• DUE TO THE QUANTITY OF LO 2 AND TANK GEOMETRY THERE ARE TWO POSSIBLE STEADY 

STATE CONFIGURATIONS FOR THE LO 2 OUTSIDE THE THRUST BARREL. 

i FIRST, THE CONFIGURATION CAN BE COMPRISED OF A FILLET BETWEEN THE 
OUTSIDE SURFACE OF THE THRUST BARREL AND THE TANK WALL WITH THE 
REMAINDER ORIENTED AT THE SIDE OF THE TANK. THIS CONFIGURATION, 
TOGETHER WITH THE SECOND, AND MOST PROBABLE ORIENTATION, 

IS DEPICTED. 

A THE SECOND CONFIGURATION IS JUDGED MOST PROBABLE SINCE IT WOULD 
HAVE TO BE PASSED THROUGH TO ACHIEVE THE FILLET/SIDE ORIENTED 
CONFIGURATION. THIS, OF COURSE, MUST HAPPEN IF THE RIM OF THE 
THRUST BARREL IS A PERFECTLY SHARP EDGE IN ORDER TO ACHIEVE A 
ZERO CONTACT ANGLE. FROM A MICROSCOPIC STANDPOINT, HOWEVER, 

THE THRUST BARREL RIM CANNOT BE PERFECTLY SHARP AND A ZERO 
CONTACT ANGLE CAN BE ACHIEVED AS DEPICTED IN THE INSERT. 


II -8 


VEHICLE STATION 
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CONFIGURATION NO. 1 CONFIGURATION NO. 2 



CENTAUR THIRD COAST (LH ? TANK) 
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OF SIGNIFICANCE IN THE LH 2 TANK WAS THE DRY INDICATION OF THE FORWARDMOST L-V 
SENSOR (CM241X) BETWEEN MEC03 AND THE FIRST '’S" ENGINE WARMING ( % 50 MIN.) 
INDICATING LITTLE, IF ANY, LH 2 FORCE FORWARD DURING THE MECO TRANSIENT. 

FOLLOWING THE FIRST "S" ENGINE WARMING HOWEVER, CM241X SHOWED WETTING. FUR- 
THER WETTINGS WERE NOTED FOLLOWING SUBSEQUENT "S" ENGINE WARMING/THERMAL 
ROLL ACTIVITIES. UNEXPLAINED IS THE REWETTING OF THIS SENSOR IMMEDIATELY 
FOLLOWING THE PLANNED VENT. APPARENTLY SOME LH 2 REMAINED IN THE VICINITY 
OF THE FORWARD DOOR THROUGH THE SETTLING/PLANNED VENT EVENTS. 

AS DURING THE SECOND COAST THE L-V SENSORS JUST BELOW THE FORWARD SLOSH 
BAFFLE (CM247/8X) INDICATED PREDOMINATELY WET AGAIN MPLYING APPROXI- 
MATELY 37-39 FT3 of LH 2 ATTACHED AT THE SLOSH BAFFLE. 

THE L-V SENSORS JUST ABOVE THE AFT SLOSH BAFFLE (CM251/2X) INDICATED WET 50% 

OF THE TIME WHILE THOSE MOUNTED ON THE SLOSH BAFFLE (CM253/4X) WERE WET 12% 
OF THE TIME. THIS BEHAVIOR IS BELIEVED TO BE CAUSED BY DISTURBANCE OF THE AFT 
POSITIONED LH2 ABOUT A STEADY STATE CONFIGURATION AS SHOWN. 
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LO9 TANK 

a LO2 TANK INTERNAL CONFIGURATION IS SUCH THAT LIQUID DISTRIBUTION FAVORED COL- 
LECTION ABOUT THE THRUST BARREL AND THE TANK MIDSECTION. 

9 LIQUID DISTRIBUTION ENHANCED PROPELLANT COLLECTION. 

9 THERE WAS NO QUENCH PRESSURE INCREASE DURING PROPELLANT SETTLING BECAUSE 
THE AFT BULKHEAD REMAINED WETTED DURING COAST. 

9 rriS BELIEVED THAT VEHICLE DISTURBANCES (S-MOTOR WARMING FIRINGS, THERMAL 
MANEUVERS, ETC.) HAD LITTLE INFLUENCE ON THE LO2 DISTRIBUTION. 

9 HELIUM BUBBLER PURGE PROBABLY FLOWED THROUGH A THIN FILM OF LO2 FOR BOTH 
ZERO-G COASTS. 

9 THE STANDPIPE AND PRESSURE SENSE LINE PURGE EXITS WERE IMMERSED IN LO2 FOR 
THE ONE HOUR COAST, AND WERE CLEAR OF LO2 DURING THE THREE HOUR COAST. 


LH 9 TANK 

9 LH2 TANK INTERNAL CONFIGURATION IS SUCH THAT LIQUID DISTRIBUTION FAVORED COL- 
LECTION ABOUT THE INTERMEDIATE BULKHEAD. 

9 LIQUID DISTRIBUTION ENHANCED PROPELLANT COLLECTION. 

9 THERE WAS NO QUENCH PRESSURE INCREASE DURING PROPELLANT SETTLING BECAUSE 
THE INTERMEDIATE BULKHEAD AJID FORWARD BULKHEAD REMAINED WETTED 
DURING COAST. 

9 VEHICLE DISTURBANCES (S-MOTOR WARMING FIRINGS, THERMAL MANEUVERS, ETC.) HAD 
LITTLE INFLUENCE ON THE LH2 DISTRIBUTION. 
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TC-5 APPLICATION 


• NO PROBLEMS ARE ANTICIPATED IN COLLECTING PROPELLANTS FOLLOWING THE 5 1/4- 

HOUR ZERO-G COAST, 

• PROPELLANT TANK VENTING PRIOR TO MESS WILL BE GREATER IN MAGNITUDE THAN 

EXPERIENCED DURING PREPROGRAMMED VENT. NO PROBLEMS ARE ANTICIPATED 
IN MAINTAINING PROPELLANT CONTROL DURING VENTING. 

• THE 30-MINUTE AND 20-MINUTE ZERO-G COAST PERIODS lOLLOWING MEC03 AND MEC04, 

RESPECTIVELY, SHOULD HAVE THE LO 2 AND LH 2 COLLECTED AFT PRIOR TO 
PROPELLANT SETTLING. 

® LO 2 AND LH 2 SHOULD REMAIN COLLECTED AFT DURING THE 2-HOUR ZERO-G COAST 
FOLLOWING MEC06. NO PROBLEMS ARE EXPECTED DURING THE MID-COAST 
VENT PERIOD. 


11-13 


GEN E RAU DYNAMICS 
ConvMir Division 


31 Oct 75 


TC-2 POST HELIOS EXPERIMENT DATA REVIEW 


I 

INTRODUCTION 

HUBER 

n 

PROPELLANT BEHAVIOR 

MERINO 

1 ^ m 

HELIUM USAGE 

MERINO 

IV 

PROPELLAN'r TANK PRESSURIZATION 

MERINO 

V 

PROPELLANT TANK THERMODYNAMICS 

MERINO 

VI 

COMPONENT HEATING & THERMAL CONTROL 

CHRISTENSEN 

vn 

MAIN ENGINE SYSTEM 

HUBER 

vm 

H2O2 CONSUMPTION 

HUBER 

DC 

BOOST PUMP POST-MECO PERFORMANCE 

HUBER/MERINO 

X 

OVERVIEW OF OTHER SYSTEMS 

HUBER 


iii-i 


EENERAL DYNAMICS 

Convair Division 


31 Oct 75 


HELIUM USAGE 


9 PURGES 
9 H 2 O 2 EXPULSION 
9 MAIN ENGINES 

9 PROPELLANT TANK PRESSURANT 
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I"! 

P o 


o 

LHg TANK ENERGY DISSIPATOE 
2032 SCCM (MEASURED) 

USAGE TO MECO 4 = 0.2062 LB. 

• 

LO 2 TANK BUBBLER 
576.6 SCCM (MEASURED) 

USAGE TO MECO 4 = 0.0576 LB. 

0 

LO 2 tank STANDPIEE 
1773.7 SCCM (MEASURED) 

USAGE TO MECO 4 = O.I 80 O LB. 

0 

LO^ TANK HIE3S. SENSE LINE 

425.7 SCCM (measured) 

USAGE TO MECO 4 = 0.0432 LB. 

0 

H202 SYSTEM HJRGE 

251 sciM (measured) 

USAGE TO MECO 4 = 0.4175 LB. 

MAIN ENGINES 


0 

engine start 
0.088 lb/start 

USAGE TO MECO 4 = 0.352 LB. 

0 

purge 
26.2 SCCM 

USAGE TO MECO 4 = 0.003 LB. 
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0.00230 LB HELIUM/LB H202 EXPELLED 


• 

182.6 

LB. 

H202 CONSUMED TO MEC02 

• 

330.9 

LB. 

H202 CONSUMED TO MEC04 

• 

0 . 1+20 

LB. 

HELIUM REQUIRED FOR H202 EXPULSION TO MEC02 

• 

0.761 

LB. 

HELIUM REQUIRED FOR H202 EXPULSION TO MEC04 


ACCUMULATED HELIUM USAGES 

• HELIUM TOTAL TO MEC02 + 72 SECONDS = O .718 I£. 

(CENTAUR RETRO IS EFFECTED VIA BLOWDOWN OF SMALL HELIUM BOTTLE) 

9 HELIUM TOTAL TO MEC04 = 2 . 0 l 8 LB. 
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PROPELLANT TANK PRESSURANT 


• USAGES OBTAINED FROM HELIUM BOTTLE BLOWDOWN MODEL 

• SOLENOID VALVE ON-TIMES ACCURATELY KNOW 

• ACCURACY OF BOTTLE BLOWDOWN VERIFIED BY IRE-MES3 AND PRE-MESL 
PRESSURIZATION SIMULATIONS 

PRE-MES 3 PRESSURIZATION 


• INITIAL CONDITIOWS: P = 2639 PSIA, T = 505‘^R 






H2 

ORIFICE 

DIA. = 

0.0995 

INCHES 





02 

ORIFICE 

DIA, = 

0.o465 

INCHES 

• 

LHP 

TANK VALVE 

TOTAL 

ON-TIME 

= 18.28 

SECONDS 



• 

L02 

TANK VALVE 

TOTAL 

ON-TIME 

= 18.06 

SECONDS 




® FIGURE SHOWS GOOD MATCH BETWEEN PREDICTIONS AND CF2P. 

« PRESSURE MATCH WAS OBTAINED WITH NOMINAL ORIFICE DISCHARCai 
COEFFICIENTS OF 0.8l. 

• NO ATTEMPT MADE TO MATCH BOTTLE TEMPERATURE (CF4T) DUE TO 
ITS POOR TEIvlPERATURE RESPONSE. 
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PBE-MESU PRESSURIZATION 


• INITIAL CONDITIONS; P = 124? PSIA, T = 477°R 

H2 ORIFICE DIA. = 0.0995 INCHES 

02 ORIFICE DIA. = 0.0465 INCHES 

• LH2 TANK VALVE TOTAL ON-TIME = 19.02 SECONDS 

• L02 TANK VALVE TOTAL ON-TIME = 42.76 SECONDS 

• FIGURE SHOWS GOOD MATCH BETWEEN PREDICTIONS AND CF2P. 

• PRESSURE MATCH WAS OBTAINED VnTH NOMINAL ORIFICE DISCHARGE 
COEFI’ICIENTS OF 0.8l. 

• NO ATTEMPT MADE TO MATCH BOTTLE TEMPERATURE (CF4t) DUE TO 
ITS POOR TEMIERATURE RESPONSE 
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SUMMARY OF MSSIOU HELIUM USAGES 

s TABLE COrrfAINS HELIUIVI ERESSURAMT USAGES AM] ERE-PLIGHT HREDICTIORS 

• WITH EXCEECIOW OF FIRST AM) SECOM> LOe TAM IRESSURIZATIOWS, USAGES WERE Wllimf 
PREDICTION BAND. 

• HELIUM USAGES FROM LIFTOFF TO CENTAUR RETRO ARE: 

PURGES + MAIN ENGINE + H202 EXPULSION = 0.7l8 LB 

PROPELLANT TANK PRESSURIZATION = 1.7l8 LB 

2 A 36 LB 

BOTTLE CONDITIONS SHOW I 5 .OO LB - 12.63 LB = 2.37 LB 

• HELIUM EXPELLED DURING CENTAUR RETRO = 4.79 LB (P=2764 PSIA, T = 530°R) 

» HELIUM USAGES FROM CENTAUR RETRO TO MEC04 ARE: 

PURGES + MAIN ENGINE + H 202 EXPULSION = I. 3 OO LB 

PROPELLANT TAM PRESSURIZATION = 4.339 LB 

5.639 lb . 

® HELIUM REMAINING AT MEC04 IS; 15.00 LB (INITIAL LOAD) 

- 2.436 LB 

- 4.790 LB 
5.639 LB 
2.135 LB 

BOTTLE CONDITIONS SHOW 2.25 LB (? “ 637 PSIA, T = 438°R) 


in-9 


TC-2 MISSION HELIUM USAGE HISTORY 


gBNBRAU DYNAMICS 
Comw*- OiWstoi? 

31 Oct 75 


EVENT 

TIME FROM 
T-0, SEC. 

HELIUM i 


— 

[TIONS^^^ 

PRESSURAHT 
USAGE, LB. 

ERED] 

PRESSURAJW 

[CTED 

USAGE, LB. 

50TTLE COND] 

LH^ 

TANK 

Lp2 

TANK 

IHg 

TANK 

LO^ 

TANK 

PSIA 

°R 

LB. 

T-0 

0 

3453 

539 

15.00 





INITIATE ERE-MESl PRESS *N 

437 

3437 

5 j 7 

14.99 










0,557 

0.166 

0.581+. 106 

O.I29+.024 

yiESl 

483.2 

3152 

NOT VALID 






ffiCOl 

584.0 

3183 

526 

14.23 





INITIATE IRE-MES2 PRESS’N 

1859.8 

3101 

520 

13.84 










0.834 

0.161 

0.81 + .08 

O.O9I+.O28 

MES2 

1897.8 

NO DATA 

NO DATA 

NO DATA 





VEC02 

2244.3 

2749 

509 

12.63 





INITIATE PRE-MES2 PRESS ’N 

5730.0 

2639 

505 

7.60 

2.105 

0.571 

2.4(^)+.254 

0.656+. 208 

®S3 

5773.0 

1247 

NOT VALID 

- 





\ffiCO3 

5784.0 

1341 

4l6 

4.85 





INITIATE FRE-MES4 PRESS 'N 

16541 . 5 

1247 

477 

3.97 










1.096 

0.567 

O.912+.I62 

0.476 +.082 

MES4 

16584.5 

528 

NOT VALID 

- 





VIEC04 

16632.3 

637 

438 

2.25 

i 





(l) TEMIERATURE AND PRESSURE ARE FOR LARGE IIELIUM BOTTLE. THE TABULATED MASS REFLECTS DIFFERENT TEMPERATURE 
LEVELS IN THE LARGE AND SMALL BOTTLES. 
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APPLICATION TO TC-5 MISSION 


SENERAL DYNAMICS 

Convair Division 


31 Oct 75 


« TC-2 DEMONSTRATED THAT FLIGHT HELIUM USAGES AND HELIUM BOTTLE 
BLOWDOWN PRESSURES DURING PROPELLANT TANK PRESSURIZATIONS 
CAN BE ACCURATELY SIMULATED WITH EXISTING COMPUTER PROGRAMS. 

e HELIUM MONITOR DEVELOPMENT FOR TC-5 MISSION WAS DUE TO: 

* THE NEED TO GUARANTEE 500 PSIA MINIMUM HELIUM BOTTLE 
PRESSURE THROUGH MES6, AND THIS CAN ONLY BE ACHIEVED 
WITH ACCURATE DETERMINATION OF HELIUM PRESSURANT USAGES, 

A THE KNOWLEDGE THAT NORMALIZED CURVES OF HELIUM MASS 
FLOW AND HELIUM BOTTLE PRESSURE ARE APPLICABLE FOR A 
WIDE RANGE OF MISSION CONDITIONS, 

A THE KNOWLEDGE THAT ACCURATE SOLENOID VALVE ON -TIMES 
COUPLED WITH CURVE FITS OF NORMALIZED CURVES WILL 
ALLOW HELIUM CONSUMPTION TO BE MONITORED THROUGHOUT 
THE TC-5 MISSION. 




o o 

Si 

JO £ 

c IP 


GENERAL OYNAMiCS 
ConvMtr Division 


31 Oct 75 

^ POST HEUOS EXPERIMENT DATA REVIEW 


I 

INTRODUCTION 

HUBER 

u 

PROP! L.LANT BEHAVIOR 

MERINO 

m 

HELIUM USAGE 

MERINO 

^IV 

PROPELLANT TANK PRESSURIZATION 

MERINO 

V 

PROPELLANT FANK THERMODYNAMICS 

MERINO 

VI 

COMPONENT HEATING & THERMAL CONTROL 

CHRISTENSEN 

vn 

MAIN ENGINE SYSTEM 

HUBER 

vni 

H 2 O 2 CONSUMPTION 

HUBER 

DC 

BOOST PUMP POST-MECO PERFORMANCE 

HUBER/MERINO 

X 

OVERVIEW OF OTHER SYSTEMS 

HUBER 


IV- 1 


PROPELLANT TANK PRESSURIZATION 


SENEHAt- DYNAMICS 

Convair Division 


31 Oct 75 


• LO2 TANK PRESSURIZATION AND PREFLIGHT PREDICTIONS 

e LHg TANK PRESSURIZATION AND PREFLIGHT PREDICTIONS 
e LO2 SUMP CONDmONS FOR MAIN ENGINE START 

• LH2 SUMP CONDITIONS FOR MAIN ENGINE START 


lV-2 


COMPUTER CONTROLLED VENT AND 
PRESSURIZATION SYSTEM (CCVAPS) 


SENERAI- DYNAMICS 

Convair Division 


31 Oct 75 







ORIGINAL PAGE IS 
OF POOR QUALII^ 



FRE-MESl LQ2 TAM PRESSURIZATION 

• PRE-FLIGHT PREDICTIONS BASED UPON TC-1 FLIGHT DATA 

• PMSSURE RISE RATES, DECAY RATES, AND RECYCIES WERE THE SAME AS FOR 
TC-1, TC-3 AND TC-4 FLIGHTS. 

« HELIUM USAGES WERE THE SAFE AS FOR TC-1, TC-3 AND TC-4 FLIGHTS 

• INITIAL H?ESSURE = 32.15 PSIA 

• CLOSING PRESSURE = 39-12 PSIA (FIASE 4) 

= 39-91 PSIA (mASE 5) 

• RE-OPEN CYCLES = 38.92 PSIA (PHASE 4) 

= 39.71 PSIA (PHASE 5) 


IV-4 


PSIA 


109 TANK MESl PRESSURIZATION 


GENERAL DYNAMICS 

Cartvgfr Division 


31 Oct 75 



IV-5 


ORIGINAL PAGE IS 
OP POOR QUALITY 


gKNKRAL DYNAMICS 

ConvMir Diviahn 

31 Oct 75 


FRE>-M ES2 LQ2 TAMK FRESSURIZATIQM 

• PRE-FLIGHT PREDICTIONS BASED UPON B2 TEST DATA 

• INITIAL HIESSURE = 32. 6 l PSIA 

• CLOSING PRESSURE = 36.11 PSIA 

• RE-OPEN CYCLES = 35-91 PSIA 

® PRESSUl^E RISE RATES LESS THAN MINIMUM PREDICTED. DIFFERENCE MAY BE DUE TO GREATER 
L02 EVAPORATION IN ONE-G (B2 TESTS) THAN IN LOW-G. 

• NO IIIFORIvIATIOW ON RE-CYCLES DUE TO LOSS OF TELEMETRY. 

« A 0.33 PSID HIESSURE INCREASE OCCURRED FOLLOWING RAMP PRESSURIZATION. 

• IT IS BELEEITilD THAT PRESSURE INCREASE IS DUE TO L02 EVAPORATION INTO 
HELIUJ.l BUBBLES THAT RESIDE BENEATH LIQUID SURFACE. 

• TC-3 DATA SUGGESTS THAT ONE RECYCLE MAY HA^/E OCCURRED PRIOR TO MES2. 


rv-6 


LO? TANK MES2 PRESSURIZATION 


SENERAl. OYMAMICS 
Comrait DMsion 

31 Oct 75 


i 


PSIA 




(-38.00) yIME from MES2 (SECONDS) 
START 

PRESS'N 

lV-7 



SENERAl. PYtMAM IKS 
Comrair i.tv<sA>n 

31 Oct 75 


TC-3 L02 tank MES2 PRESSURIZATION 


PSIA 


CCVAPS LO 2 TANK PKESSURE 



IV -8 



ggNKRAt. OYNAMICS 

CaavMtr Divitian 

31 Oct 75 


HtE-MES3 LCg TAUK FRESSURIZATIOM 


sl 

S'? 

Il 


• PRE-FLIGHT IREDICTIOWS BASED UPON THEORETICAL MODEL OF HELIUM JET FLOW BENEATH 
LIQUID SURFACE 

• INITIAL IRESSUEE = 29.89 PSIA 

• CLOSING PRESSURE = 33,39 PSIA 

• RE-OEEN CYCLES x 33.19 PSIA 

• PRESSURE RISE RATES GREATER THAN MAXIMUM PREDICTED. 

• HAVE NOT OBTAINED GOOD HELIUM USAGE AND PRESSURE RISE MATCH WITH MODEL. 

• DISCREPANCY OF 2h1o BETWEEN ACTUAL AND PREDICTED HELIUM USAGE MAY BE DUE TO 
SUBSTANTIAL CHILLING OF LIQUID ABOVE BUBBLER RESULTING FROM LCG EVAPORATION 
INTO HELIUM. 


• THERE IS NO PRESSURE INCREASE FOLLOWING TERMINATION OF HELIUM FLOW BECAUSE 
THERE IS NO HELIUM BENEATH LIQUID SURFACE TO STIMULATE LCG EVAPORATION. 
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PSIA 


LO? TANK MES3 PRESSURIZATION 


GENERAL DYNAMICS 
Canvair DMsian 

31 Oct 75 
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aKWKRAt. DYNAMICS 

ConvBlr Dimhn 

31 Oct 75 


PRE-MES4 L02 TAMK FRESSURIZATIOCT 

• PRE-FLIGHT PREDICTIONS BASED UPON THEORETICAL MODEL OF HELIUM JET FLOW BENEATH 
LIQUID SURFACE 

• INITIAL PRESSURE = 32.50 P3IA 

• CLOSING PRESSURE = 36.00 PSIA 

• RE-OPEN CYCLES = 35-80 PSIA 

• IRES3URE RISE RATES GREATER THAN MAXIMUM PREDICTED 

• POST FLIGHT SMJLATIONS HAVE WOT RESULTED IN GOOD MATCH WITH HELIUM USAGE AND 
PRESSURE RISE RATE 

• DISCREPANCY OF 2h% BETWEEN ACTUAL AND PREDICTED USAGE MAY BE DUE TO SUBSTANTIAL 
CHILLING OF LIQUID ABOVE BUBBLER RESULTING FROM L02 EVAPORATION INTO HELIUM 

• THERE IS WO PRESSURE INCREASE FOLLOWING TERMINATION OF HELIUM FLOW BECAUSE THERE 
IS WO HELIUM BENEATH LIQUID SURFACE TO STIMULA'IE L02 FVAPORATION. 


IV-11 




LOy TANK MES4 PRESSURIZATION 


GENERAL. PY1MAMIC5 

Convair Division 

31 Oct 75 


PSIA 



,2 



gKNgRAL 

Coavair Dniatan 


31 Oct 75 


Has-MBSI LH2 TAM PRESSURIZATIOH 

• PRE-FLIGHT PREDICTIONS BASED UPON TC-1 FLIGHT DATA 

9 PRESSURE RISE RATES^ DECAY RATES, AND RECYCLES WERE THE SAME AS FOR TC-1, 
TC-3 AND TC-4 flights 

• HELIUM USAGES WERE THE SAME AS FOR TC-1, TC-3 AND TC-4 FLIGHTS 

• INITIAL PRESSURE = I 9.92 PSI/'. 

« CLOSING PRESSURE = 25-92 PSIA (PHASES 4 AND 5) 

• REOPEN CYCLES = 25.72 PSIA (PHASES 4 AND 5) 


IV-13 


PSIA 


LH? TANK MESl PRES S UR iZATiON 


GENSRAL PYWARfilCS 
Camair DMsian 


31 Oct 75 



IV-14 


gHNgRAU DYNAMICS 
Convair Onitkm 

31 Oct 75 


HtE-f4ES2 LH2 TAM HIESSURIZATIOW 


• HIE-FLIGHT PREDICTIONS BASED UPON B2 TEST DATA 






to 


• INITIAL IKESSURE - 20.13 PSIA 

• CLOSING PRESSURE = 23.53 PSIA 

• RE-OPEN CYCLES = 23.33 PSIA 

• PRESSURE RISE RATES LESS THAN MINIMUM PREDICTED. ENERGY DISSIPATOR DIRECTED HELIUM 
AT LH2 SURFACE FOR B2 TESTS. THE TC-2 ENERGY DISSIPATOR DIRECTED HELIUM RADIALLY 
OUTWARD AT THE FORWARD BULKHEAD. HEAT TRANSFER TO FORWARD BULKHEAD COULD HAVE BEEN 
RESPONSIBLE FOR REDUCED TC-2 PRESSURE RISE RATE. THERE WAS NO CORRESPONDING HEAT 
LOSS TO FORWARD BULKHEAD DURING B2 TESTS, 

• N0 INFORMATION ON RE-CYCLES DUE TO LOSS OF TELEMETRY 


• TELEMETRY LOSS DID NOT REVEAL A PRESSURE INCREASE FOLLOWING BOOST PUMP START. 

NOTE: TC-3 AND TC-4 FLIGHTS INDICATED «0.2 PSID INCREASE. IT IS BELIEVED 

THAT THE INCREASE WAS DUE TO VAPOR FLOW INTO THE TANK THROUGH THE RE- 
CIRCUIATION LINE DURING CHILLDOWN OF THE PROPELLANT DUCTING. 

• TC-3 LATA SUGGESTS THAT TWO RECYCLES MAY HAVE OCCURRED PRIOR TO MES2. 
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LH? TANK MES2 PRESSURIZATION 


GENERAL DYNAMICS 
Corrvfl/r Drvfsion 

31 Oct 75 



IV-16 




TC-3 LH2 tank MES2 PRESSURIZATION 


GENERAL DYNAMIC 
Convsir Division 

31 Oct 75 


PSIA 


CCVAPS LH2 tank PRESSURE 



IV-17 


a»Ng«AI- OYNAMIOB 

Cemalr DM^oti 


31 Oct 75 


PEIE-MES3 LH 2 TAMC PRESSURIZATION 

• PRE-FLIGHT PREDICTIONS BASED UPON TANK THERMODYMMIC MODEL (PROGRAM P3995H) 

• INITIAL PRESSURE = 15-93 PSIA 

• CLOSING PRESSURE = I 9.33 PSIA 

• RE-OHSN CYCLES = I 9 .I 3 PSIA 

• GOOD AGREEMENT EXISTS BETWEEN PREDICTED AND ACTUAL RAMP PRESSURE INCREASE. 

• FOLLOWING BOOST PUMP START A 0.12 PSID PRESSURE INCREASE OCCURRED. THE 
INCREASE IS BELIEVED TO BE CAUSED BY VAPOR FLOW INTO THE TANK THROUGH THE 
RECIRCI lATION LIIE DURING CHILLDOWN OF THE PROPELLANT DUCTING. 

• A VALVE RE-CYCLE OF 0.38 SECOND DURATION OCCURRED PRIOR TO MES3. 
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PSIA 


LH? TANK /V\ES3 PRESSURIZATION 


C3EWERAL DYNAMICS 
Convair Division 


31 Oct 75 



IV-19 


CKWRAL DYNAMICS 

Connir DMtion 
31 Oot 75 


PRE-MES 4 1112 TAI^JK FRESSUEIZATIOfT 

• PRE-FLIGHT PREDICTIONS BASED UPON TANK THERMODYNAMIC MODEL (PROGRAM P3995H) 

« INITIAL PRESSURE = 21,01 PSIA 

• CLOSING PRESSURE = 23 . 9I PSIA 

• RE-OPEN CYCLE = 23.71 PSIA 

• PRESSURE RISE SLIGHTLY GREATER THAN MAXIMUM PREDICTED. 

• FOLLOWING BOOST HH<LP '.TTART A O.08 PSID PRESSURE INCREASE OCCURRED. THE INCREASE 
IS BELIEVED TO BE CAUSED BY VAPOR FLOW INTO THE TANK THROUGH THE RECIRCULATION 
LINE DURING CHILLDOVffI OF TPIE PROPELLANT DUCTING. 

e PRESSURIZATION WAS TERPHNATED BY TIME (I9 SECOND FLOW DURATION). 


rv-20 




OXIDIZER BOOST PUMP LINE 


GENER AL OYNAMICS 

Convair Division 

31 Oct 75 



;aS »‘.ENEIt\TOR PRESS! PRE 


TURBINE INIET PRESSURE 


niRfUNE INIEl 1TMPER.\ HIRE 


Tl!R«rNE ACCESS Pi'RT 


TURBINE FXK\!!Sr 


;e \r v \se \tnt ouck s ust 


JW TURBINE SEAI. VENI 


n I RHINE IIYNAMIC SF.AI 


SECONDARY SEAL VENT 


PRIMiSRS SEAL VENT 


PR IMARA SEAL 


IMPEIIER 


CAT BED SUPPLY LINE 


ORIFICE HOLDER 


FROM FEED SYSTEM 


I3ENERAL OyiMAMICS 

LO2 SUMP TEMPERATURES Convair Division 

31 Oct 75 

PRE-MESl 

• L02 IMTIALIY SATURATED AT 31-60 PSIA 
» NO VAPOR IN SUMP PRIOR TO BPS 

o TEMPERATURE INCREASE BEGINS AT BPS + 8 SECONDS 

• 0.77°R TEMPERATURE INCREASE BY ^ES1 DUE TO BEARING COOLANT AND VOLUTE FLOWS 
PRE-MES3 

e L 02 INITIALLY SATURATED AT TANK PRESSURE ( 29.89 PSIA) 

» 1.56°R TEMPERATURE RISE PRIOR TO BPS INDICATES 50% VAPOR BY VOLUME INITIALLY 

IN SUMP 

• WARM FLUID BEGINS FLOW OUT OF SUMP AT BPS + 1.5 SECONDS 

• TEMPERATURE INCREASE BEGINNING AT BPS + 7 SECONDS IS CAUSED BY VOLUTE AND BEARING 
COOLANT FLOWS 

• TEMPERATURE DECAY AFTER MES INDIC. .IQUID BULK IS SUBCOOLED BY TS 1.0 PSID 
BELOW INITIAL TANK PRESSURE 


IV-23 


C5ENERAI. DYNAMICS 
Convair Division 

10 ? SUMP TEMPERATURES (Contd) 3 ioct 7 s 


L02 IWITIA1T,Y S/lTURATEr AT TANK ERESSUEE (32-50 PSIA) 

0.77°E TEMEERATUEE RISE PRIOR TO BPS UTOICATES JS 33% VAPOR BY VOLUME INITIALLY 
IN SUMP 

WARM FLUID BEGINS FLOW OUT OF SUMP AT BPS + 1.5 SECONDS 

TEMPERATURE INCREASE BEGINNING AT BPS + 7 SECONDS IS CAUSED BY VOLUTE AND 
BEARING COOLANT FLOWS 

TEMPERATURE DECAY AFTER MES INDICATES LIQUID BULK IS SUBCOOLED BY 551.4 PSID 
BELOW INITIAL TAM PRESSURE 


IV-24 


LOy SUMP TEMPERATURES 
FOR MAIN ENGINE START 


GEtMgRAU DYWAMiro 
Canveir Division 

31 Oct 75 


CP 33T LO9 B PUMP INLET 


TC-2 


-START PRESS'N 
AND BPS I I 


« PRESTART ^ 

I ^ I _J I 1 

TIME FROM MESl SECONDS) 


! 






" 


START PRESS'N 

LU 1 


TIME FROM MESS (SECONDS) 


START PRESS'N BPS--7 PRESTART 

III I l i If I I I 

) -40 -30 -20 -10 

TIME FROM MES4 (SECONDS) 

IV-25 





BENERAU PYWAtulIgs 
Convair Division 


31 Oct 75 


FKE-MES3 L02 BOOST PUMP ITPSP CONDITIONS 


to 

|| 

Sj? 


^ ft- 

F £? 


e 

« 


9 


9 


9 


9 


9 


L02 IIUTTALLY SATURATED AT TANK PRESSURE 
NPSP = 2.7 PSID AT BPS 

NPSP = 1.1 PSID AT BPS + 3 SECONDS - MINIMUM NPSP CONDITION 

NPSP = 3.3 PSID AT BPS + k SECONDS 

WARM L02 IS BEING PUMPED FROM SUMP AND REPLACED BY COOLER LIQUID 

NPSP = 3.7 PSID AT BPS + 7 SECONDS 

BEYOND THIS TIME VOLUTE AITO BEARING COOLANT FLOW BEGIN TO WARM L02 

NPSP = 3.3 PSID AT PRESTART 

NPSP = 2.9 PSID AT HES3 

NPSP = 3.8 PSID AT MES3 + 5 SECONDS 

COLD LIQUID IS BEING PUMPED OVERBOARD. 




GENERAL DYNAMICS 
Convair Division 


31 Oct 75 


Hffi-MES4 L02 BOOST PUMP KPSP COMDITIONS 


• L02 INITIALLY SATURATED AT TANK PRESSURE 

• NPSP = 0.1 PSID AT BPS 

MINIMUM NPSP CONDITION 

• NPSP = 1.5 PSID AT BPS + 4 SECONDS (PRESTART) 

WARM L02 IS BEING PUMPED PROM SUMP AND REPLACED BY COOLER LIQUID 

® NPSP = 2.4 PSID AT BPS + 7 SECONDS 

BEYOND THIS TIME VOLUTE AND BEARING COOLANT FLOW BEGINS TO WARM L02 

« NPSP = 2.6 PSID AT MES4 

« NPSP = 3.5 PSID AT MES4 + 10 SECONDS 

COLD LIQUID IS BEING PUMPED OVERBOARD 


IV-28 


PSLA. 


LO? BOOST PUMP NPSP FOR IV\ES4 



GENERAL DYNAMICS 
Cenveir Division 

31 Oct 75 


IV-29 


FUEL BOOST PUMP UNIT 


GENERAl- DYNAMICS 
Convalr DMsion 


31 Oct 75 



IV-30 


lh2 sump temperatures 


C3ENERAL DYNAMICS 

Convair DMsion 

31 Oct 75 


PRE-MESl 

• L1I2 IHITIALLY aATUlUTED AT 20.7 PSIA 

• 0.09°K TEMHIRATURE INCI^EASE IOT)ICATES cs; 5% VAPOR BY VOLUME INITIALLY IN SUMP 

• 1.11°R TEMPERATURE INCREASE BY HffiSTART DUE TO BEARING COOLANT FLOW 

• TEMIERATURE DECAY AFTER MES INDICATES LIQUID BULK IS SUBCOOLED BY » 0.6 PSID 

BELOW INITIAL TANK H?ESSURE 

mE-MES3 



• L![2 INITLALI/l CATUIUITED AT TANK IRESGURE (15-93 PSIA) 

9 1 . 02 ‘^R TEMPERATURE RISE PRIOR TO BPS INDICATES ^ kyi VAPOR BY VOLUME INITIALLY IN SUMP 

• V/ARM i'bUID BEGINS Fl.OW OUT OF SUMP BY BPS + 4 SECONDS 

• TEMHilRtVrUI-E DECAY AI-'I'ER I-ES INDICATES LIQUID BULK IS SUBCOOLED BY ;5 0.22 PSID BELOW 
INITIAI, TANK PRESSURE 


PHE-MES4 

• !’I2 IiriTLAI.LY IVLTURATED AT TANK PRESSURE (21.01 PSIA) 

• 0.37°B TEIvIPERATUI-ffi RISE PIUOR TO BPS HIDICAIES 5*l8> VAPOR BY VOLUME INITIAILY IN SUMP 

• WARJ.i FLUID BEGDIS I’LOW uiT 'A' SUMP BY BPS t 4 SECONDS 

• TEMiERATUKE DECAY AFTER IHYS INDICATES LIQUID BULK IS SUBCOOLED BY s: 0.4 PSID BELOW 
UIITLAL TANK IRESSURE 


IV-31 


LH? SUMP TEMPERATURES FOR MAIN ENGINE START 


GENERAL DYN^WICS 
A n T Convnir Division 

ART 31 Oct 75 


CP 32T LHo B PUMP INLET 



TIME FEOM MESl (SECONDS) 




TIME FROM MES4 (SECONDS) 


2 






GENERAU PYIVAMICS 

Convair Division 


31 Oct 75 


FRE-MES3 LH2 BOOST PUMP HPSP COMDITIOMS 

• LH2 INITIALLY SATURATED AT TANK HfflSSURE 

• NPSP = 0.35 PSID AT BPS 

MINIMUM NPSP CONDITION 

• NPSP = 3.2 PSID AT BPS + 5 SECONDS 

WARM LH2 IS BEING PUMPED PROM SUMP AND REPLACED BY COOLER LIQUID 

• NPSP = 2.7 PSID AT BPS + 11 SECONDS (PEffiSTART) 


NPSP = 3.2 PSID AT MES3 


NPSP = 3.1 PSID AT [JES3 + 5 SECONDS 


IV-33 





SENERAL aVIMAMICS 
Convair Division 


31 Oct 75 


mE-MES4 U-I2 BOOST PUMP NPSP COMDITIQHS 

• IH2 INITIALLY SATURATED AT TAM; HIESSURE 

• NPSP = 0.3 PSID AT BPS 

JOHIMUM NPSP CONDITION 

• NPSP = 0.6 PSID AT BPS + 4 SECONDS (PRESTART) 

• NPSP = 1.6 PSID AT BPS + 8 SECONDS 

WARM LH2 IS BEING PUMPED FROM SUMP AND REPLAOED BY COOLER LIQUID 

• NPSP = 1.1 PSID AT MES4 

• NPSP = 1.2 PSID AT IvES4 -i- 5 SECONDS 

COLD LIQUID IS BEING PUMPED OVERBOARD 


IV-.35 


PSIA 


LH? BOOST PUMP NPSP FOR MES4 


GENERAt. DYMAMieS 

Convair Divfsron 

31 Oct 75 



IV-36 


GENERAL DYIStJWUCS 
Convair DMsion 


SUMMARY OF PROPELLANT TANK PRESSURIZATION 


31 Oct 75 


• PRE-MESl PRESSURIZATION SAME AS FOR TC-1, -3, AND -4. 

• PRE-MES2 PRESSURE RISE RATES LOWER THAN THE PREDICTION BAND. 

• UNEXPECTED PRESSURE INCREASES OCCURRED IN BOTH TANKS FOLLOWING PRE-MES2 RAMP PRES- 
SURIZATION- THE LH 2 TANK PRESSURE RISE WAS NOT SEEN BECAUSE OF TELEMETRY LOSS. TC-3 
FLIGHT CLEARLY SHOWED THESE PRESSURE INCREASES. THIS PHENOMENON HAS BEEN EXPLAINED. 

• PRE-MES3 AND 4 LO 2 TANK PRESSURE RISE RATES GREATER THAN THE PREDICTION BAND. 

e PRE-MES3 AND 4 LHg TANK PRESSURE RISE RATES WERE SATISFACTORILY SIMULATED BY 
TANK MODEL. 

9 INITIAL QUANTITY OF VAPOR IN LOg SUMP (MAX OF 50%) RESULTED IN LOW NPSP AT BPS. PUMPING 
OF COOLER TANK FLUID PROVIDED SATISFACTORY NPSP THROUGHOUT BOOST PUMP OPERATION. 

9 INITIAL QUANTITY OF VAPOR IN LHg SUMP (MAX OF 43%) RESULTED IN LOW NPSP AT BPS. PUMPING 
OF COOLER TANK FLUID PROVIDED SATISFACTORY NPSP THROUGHOUT BOOST PUMP OPERATION. 

TC-5 IMPLICATIONS 

9 PROPELLANT TANK PRESSURE REQUIREMENTS WILL BE SATISFIED FOR ALL MAIN ENGINE STARTS 
(UNTIL AVAILABLE HELIUM EXPENDED), 

c NPSP CONDITIONS WILL BE SATISFACTORY THROUGH MES3. MES4 AND ON CONDITIONS ARE DISCUSSED 
IN SECTION IX. 
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CSElMtE RAL PYMAMSgS 

COftV9ir Division 

31 Oct 75 



TC-2 POST HELIOS EXPERIMENT DATA 

REVIEW 

I 

INTRODUCTION 

HUBER 

n 

PROPELLANT BEHAVIOR 

MERINO 

m 

HELIUM USAGE 

MERINO 

IV 

PROPELLANT TANK PRESSURIZATION 

MERINO 

^ V 

PROPELLANT I’ANK THERMODYNAMICS 

MERINO 

VI 

COMPONENT HEATING & THERMAL CONTROL 

CHRISTENSEN 

vn 

MAIN ENGINE SYSTEM 

HUBER 

vm 

H2C2 CONSUMPTION 

HUBER 

DC 

BOOST PUMP POST-MECO PERFORMANCE 

HUBER/MERINO 

X 

OVERVIEW OF OTHER SYSTEMS 

HUBER 


V-1 


V. PROPEl^LANT TANK THERMODYNAMICS 


• EO^ TANK ENERGY BALANCE 


• LH^ TANK ENERGY BALANCE 


V-2 


gBNBRAL. DYMAMtCS 

Comnfr Divixion 
31 Oct 75 


PREFLIGHT PREDICTIONS OF COAST PHASE 
PROPELLANT TANK PRESSURES 


SENERAL DYNAMICS 

Convair Division 


31 Oct 75 


6 MAXIMUM PRESSURE RISE RATE DUREn'G COAST ASSUMED: 

A MAXIMUM HEATING 

A LIQUID INSTANTANEOUSLY POSITIONED FORWARD (FOR LO2 TANK, 750 SECOND 
THRUST BARREL DRAIN ASSUMED) 

* DRY TANK WALLS 

A ENERGY ABSORBED BY DRY TANK WALLS RESULTS IN LIQUID BOILING DURING 
PROPELLANT SETTLING 

o MINIMUM PRESSURE RISE RATE DURING COAST ASSUMED: 

A, MINIMUM HEATING 
A THERMODYNAMIC EQUILIBRIUM 

d THE ABOVE ASSUMPTIONS WERE MADE TO MAXIMIZE THE MISSION PRESSURE ENVELOPE. 
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TANK PRESSURE IN PSIA 


PROPELLANT TANKS PRESSURE PROFILE 
SECOND COAST AND THIRD BURN 


C3EMERAL DVNAMICS 

Convafr Division 

31 Oct 75 


2S ON - BEGIN 
PROPELLANT 
SETTLING 


4SON ENDCCVAPS 
CONTINUE VENT 
SETTLING CONTROL 

i I 4S OFF 


S/C SEPARATION 

ACTIVATE CCVAPS 
FOR VENT CONTROL 


LO 2 TANK 



LH2 tank 


MEC02, 


TIME SCALE CHANGE - 


PRESS. I 1 MEC03 

, tanks 

MES3 

r ] I ,1 . I 

5500 5600 5700 5800 5900 


TIME IN SECONDS FROM SRM IGNITION 

NOTE : Solid lines define the maximum and minimum predicted level. 
Dotted lines describe the actual flight data. 











PROPELLANT TANK ENERGY BALANCE 


SBNBWAU DYNAMICS 

Commit Omhn 

31 Oct 75 




- (hm) 
g out L out 


WHERE m 


FROM THE FIRST LAW: 

|(mu)f + (mu) ] - |(niu) + (mu) L, =AQ_ , - (hm) 

L g 2 L g i 2-1 

= FLUID MASS , LB 

u = FLUID INTERNAL ENERGY, BTU/LB 

h = FLUID ENTHALPY . BTU/LB 

AQ = NET HEAT INPUT TO PROPELLANT TANK, BTU 


SUBSCRIPTS 

2 = CONDITIONS AT MEC04 OR PRE-PROGRAMMED VENT 

I = CONDITIONS AT MECOZ 

g = GO^, GHg 

L = LO^, UI 2 

out = PROPELLANT EXPELLED FRO M TANK 


u, h, mg, mg ~ ARE DETERMINED FROM FLUID PRESSURES AND TEMPERATURES 
out 

m ~ IS KNOWN FROM PU AND ENGINE FLOW DATA 
L 

AQ CONSISTS OF TANK HEAT INPUT {+) BOOST PUMP RELATED HEAT ADDITION 
(-) HEAT LOSS THROUGH INTERMEDIATE BULKHEAD 
BOOST PUMP RELATED HEAT ADDITION: 

RECIRCULATION LINE FLOW (BPS TO MEC03)-- 12 BTU (LO^ TANK), 22 BTU (LH^ TANK) 

(BPS TO MEC04)~ 18 BTU (LO^ TANK), 39 BTU (LH^ TANK) 

BOOST PUMP SPINDOWN ~ 88.0 BTU PER SPINDOWN (LO^ TANK) 

100.0 BTU PER SPINDOWN (LH^ TANK) 
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PROPELLANT TANK B 



gegWtgRAL. DYNAMICS 
Co/ivair 
oi Opf nti 

DUNDARIES FOR ENERGY BALANCE 



AQ VOLUTE 



GBWgRAL DYNAMICS 
Convsir 

31 Oct 75 

LO^ TANK ENERGY BALANCE 

MECOZ CONDITIONS 
@ ULLAGE PRESSURE - 27. 12 PSD\ 

® HELIUM PRESSURE = 0.45 PSIA 
® GO PRESSURE = 26.67 PSL\ 

® GO^ TEMPERATURE = SATURATED AT 27. 12 PSL\ (ATg = 0.3°R) 

® GO MASS = 153.7 LB. 

C4 

@ LO^ VAPOR PRESSURE = 27.65 PSIA (ULLAGE PRESSURE 4 yOgH EFFECT) 

MAXIMUM STORED ENERGY = 640 BTU (DUE TOyOgH EFFECT) 

® LO^ MASS = 4027.6 LB (FROM PU CALCULATIONS) 

® VEHICLE ACCELERATION - 2.14 G'S 
® FLIGHT TIME = T + 2172.93 SECONDS 

POST MECOZ CONDITIONS 

• PRESSURE RECOVERY OF 1.15 PSID CAUSED BY EVAPORATION OF 6.5 LB LO 

@ 0.97°R TEMPERATURE DROP INDICATES AN LO VAPOR PRESSURE DECAY FROM 

2 

28. 65 PSIA TO 27. 30 PSIA AT BOOST PUMP INLET 
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gBMBRAt- PVWgtMiges 
Comair Divithn 
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LO^ TANK ENERGY BALANCE 
MECO 4 CONDITIONS 
$ ULLAGE PRESSURE = 31. 09 PSIA 
0 HELIUM PRESSURE = 2.09 PSIA 
0 GO PRESSURE = 29.01 PSIA 

0 GO^ TEMPERATURE = 175.6 R (0.6°R SUPERHEAT) 

0 GO MASS = 190.3 LB 

c* 

® LO^ VAPOR PRESSURE = 30.07 PSIA 
0 LO^ MASS = 790. 5 LB (FROM PU CALCULATIONS) 

0 VEHICLE ACCELERATION = 4.62 G'S 
0 FLIGHT TIME = T + 16631.98 SECONDS 

POST MECO 4 CONDITIONS 

0 PRESSURE RECOVERY OF 0.51 PSID CAUSED BY EVAPORATION OF 2.2 I,B LO 

2 

0 0.38°R TEMPERATURE DROP INDICATES A LO^ VAPOR PRESSURE DECAY FROM 

31.1 PSLA TO 29. 5 PSIA AT BOOST PUMP INLET. 
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LO? CONDITIONS AT MEC04 


GENERA!- DVNAMIC5 
Convair Division 
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TIME FROM MEC04 (SECONDS) 
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LO TANK ENERGY BALANCE 
2 

PROPELLANT CONDITIONS AT VENT TERMINATION 


SaNBRAI. DYNAMCCg 

Conv*ir Division 


31 Oct 75 


O ULLAGE PRESSURE = 30.82 PSIA 

® HELIUM PRESSURE = 1.4 5 PSIA 

« GO^ PRESSURE = 29.37 PSIA 

A GO TEMPERATURE = 175, 6°R {0.3°R SUPERHEAT) 

2 

e GO^ MASS = 173,0 LB 

& LO VAPOR PRESSURE = 30.65 PSIA 

2 

® LO MASS = 3350.3 LB 

^ -3 

@ VEHICLE ACCELERATION = 2.4 X 10 

@ FLIGHT TIME = T + 14554 SECONDS 

^ GO^ VENT MASS = 12, 1 LB 

ffi HELIUM VENT MASS = 0.07 LB 


POST VENT CONDITIONS 

e PRESSURE RECOVERY OF 0.93 PSID CAUSED BY EVAPORATION OF 4.0 LB LO^. 

A 1.36 °R TEMPERATURE DROP INDICATES AN LO^ VAPOR PRESSURE DECAY FROM 

* 2 

32.92 PSIA TO 30.82 PSIA AT BOOST PUMP INLET. 


V-12 
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TEMPERATURE MEASUREMENT LOCATIONS 
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LO TANK ENERGY BALANCE 
2 


gBNBRAi. PYMAMIC5 

Convair DMslott 


31 Oct 75 


ULLAGE TEMPERATURE CONDITIONS FROM MFCO 2 TO MECO 4 


® MECO 2 ~ ullage TEMPERATURE = 173. 64 °R 


9 POST MEC02 - ULLAGE TEMPERATURE INCREASES TO 174.59°R 

NOTE: THE INCREASING ULLAGE TEMPERATURE WAS CAUSED BY EVAPORATION 
WHICH REDUCED LIQUID TEMPERATURE DURING THE SAME PERIOD. 

9 VENT VALVE UNLOCK ~ ULLAGE TEMPERATURE = 177. 0°R 

9 VENT TERMINATION - ULLAGE TEMPERATURE DROPS TO 175. 6°R 

^ POST VENT ~ ULLAGE TEMPERATURE INCREASES TO 176. 5°R 

NOTE; ULLAGE TEMPERATURE CHANGES ARE CONSISTENT WITH VENTING OF A NEARLY 
SATURATED VAPOR FOLLOWED BY LO EVAPORATION WHICH RESULTS IN A 

w 

VAPOR TEMPERATURE INCREASE. 

9 MECO 4 - ULLAGE TEMPERATURE = 175. 6°R 


9 POST MEC04 ~ ULLAGE TEMPERATURE INCREASES TO 176. 3°R 

NOTE: THE INCREASING ULLAGE TEMPERATURE WAS CAUSED BY EVAPORATION WHICH 
REDUCED LIQUID TEMPERATURE DURING THE SAME PERIOD. 
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CBBNBRAU OYMAMICS 

Cemr«ir DMtion 

31 Oct 75 

NET HEAT INPUT TO LO ^ TANK 


0 FIRST LOW EQUATION SOLVED FOR 

O AQ TANK = AQ NET - 88 BTU (PER P./P SPtNDOWN) - RECIRC. FLOW HEAT ADDITION 
= TANK HEAT INPUT - INTERMEDIATE BULKHEAD HEAT LOSS 


MECO Z TO MECO 4 CONDITIONS 


AQTANK= (3.0HBS) 


MECO Z TO PRE-PROGRAMMED VENT CONDITIONS 


» AO TANK . (1.0 HHS) . (2.44 HRS) 


CALCULATED TANK HEATING R A TES 

& Q ZND COAST = 2403 BTU/'HR 
© Q 3RD COAST = 1077 BTU/HR 
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GEIMERAU DYNAMICS 

Convair division 

31 Oct 73 


NET HEAT INPUT TO LO ? TANK VERSUS LIQUID VAPOR PRESSURE 

AND ULLAGE SUPERHEAT CONDITIONS 


MEC02 TO MEC04 



MEC02 TO PRE-PROGRAMMED 
VENT 



MEC04 LIQUID VAPOR PRESSURE, PSIA 


LIQUID VAPOR PRESSURE AT VENT 
TERMINATION, PSIA 




GB5gy>B£RAL> DYWAMiCS 
Cotivair Dfvmon 
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SUMMARY OF LO?. TANK THERMODYNAMIC CONDITIONS FROM MEC02 TO MEC04 

o CALCULATED TANK HEATING RATES ARE EMPLOYED TO DETERMINE INTERMEDIATE 
STATE CONDITIONS. 

o TABULATED INTERMEDIATE STATE CONDITIONS ARE OBTAINED FROM ENERGY BALANCE. 
CONCLUSIONS 

• HELIUM PURGES CONTRIBUTED TO AN INCREASED OXYGEN EVAPORATION DURING THE COASTS. 

6 HELIUM PURGE INFLUENCE ON CO.\ST PHASE TANK PRESSURE RISE WAS SMALL. 

9 HELIUM FLOW CHILLED LO 2 BULK BY 0.5“R FOR 3RD PRESSURIZATION AND RESULTED IN LOV/ER 
PRESSURE RISE RATE DURING 3RD COAST THAN DURING THE 2ND COAST, 

9 INTERMEDIATE BULKHEAD HEAT TRANSFER RATE IS « 1000 BTU/HR. 

a NEAR THERMAL EQUILIBRIUM CONDITIONS WERE AIDED BY HgOg MOTOR FIRINGS WHICH RESULTED 
IN AP DECAYS OF UP TO 0.2 PSID. 

TC-5 APPLICATION 


9 HELIUM PURGE INFLUENCE ON COAST PHASE TANK PRESSURE RISE WILL BE SMALL. 

e 5-1/4 HOUR COAST PRESSURE RISE RATE WILL BE SIMILAR TO THE TC-2 3RD COAST PRESSURE 
RISE RATE. 

o SIXTH COAST PRESSURE RISE RATE WILL BE TWO TIMES GREATER THAN FOR 5-1/4 HOUR COAST 
BECAUSE OF REDUCED LO 2 MASS AND POTENTIAL FOR PARTIALLY DRY AFT BULKHEAD. 
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LH TANK ENERGY BALANCE 
2 


MEC02 CONDITIONS 


9 


ULLAGE PRESSURE 


HELIUM PRESSURE 


GH^ PRESSURE 

GH TEMPERATURE 
2 

GH^ MASS 


GEMERAL DYNAMtCS 

Convair Division 

31 Oct 75 


= 14.11 PSIA 
= 0. 13 PSIA 

= 13.98 PSL-\ 

= SATURATED AT 14.11 PSL^ (ATg = 0.08°R) 
= 81.30 LB 


LTI VAPOR PRESSURE = 14.23 PSIA (ULLAGE PRESSURE + PgH EFFECT 
MAXIMUM STORED ENERGY = 132 BTU (DUE TO PgH EFFECT) 


LH 1VLA.SS 
2 


- 1131.2 LB (FROM PU CALCULATIONS) 
VEHICLE ACCELERATION = 2.14 G'S 


FLIGHT TIME 


= T + 2172.93 SECONDS 


POST MECO 2 CONDITIONS 

® PRESSURE RECOVERY OF 0.5 PSID CAUSED BY EVAPORATION OF 2.16 LB LH^. 

® 0.094“r TEMPERATURE DROP INDICATES AN LH VAPOR PRESSURE DECAY FROM 

14.24 PSIA TO 14.00 PSIA AT BOOST PUMP INLET. 
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LH 


TANK ENERGY BALANCE 

MECO 4 CONDITIONS 

9 ULLAGE PRESSURE 

9 HELIUM PRESSURE 

9 GH^ PRESSURE 

9 GH TEMPERATURE 

2 

9 GH^ MASS 

9 LH^ VAPOR PRESSURE = 

• LH^ MASS 

9 VEHICLE ACCELERATION 

• FLIGHT TIME 


19. 10 PSIA 
0.52 PSIA 
18.68 PSIA 

42.4°R (4.3°R SUPERHEAT) 
110.1 LB . 

19.10 PSIA 
329.9 LB 
= 4.62 G'S 

T + 16631.98 SECONDS 


GENERAL DYNAIVUCB 

Canvalt Division 


31 Oct 75 


POST ^-^EC0 4 CONDITIONS 

9 PRESSURE RECOVERY OF 0.24 PSlD CAUSED BY EVAPORATION OF 0.3 LB LH^. 

9 0. 188°R TEMPERATURE DROP INDICATES AN LH V.^VPOR PRESSURE DECAY 

FROM 19.54 PSIA TO 19.00 PSIA AT BOOST PUMP INLET. 
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LH TANK ENERGY BALANCE 
2 


PROPELLANT CONDITIONS AT 

VENT TERMINATION 


ULLAGE PRESSURE 


19.88 PSIA 


HELIUM PRESSURE 


0.34 PSIA 


GH^ PRESSURE 


19.54 PSIA 


GH^ TEMPERATURE 


42.6°R (4.3°R SUPERHEAT) 


GH^ MASS 


100.76 LB 


LH^ VAPOR PRESSURE 


19.60 PSIA 

9 

LH MASS 
Z 

- 

947.9 LB 

9 

VEHICLE ACCELERATION 

= 2.4 X lO'^ G'S 

9 

FLIGHT TIME 


T + 14530 SECONDS 

9 

GH VENT M.ASS 

- 

2.51 LB 

9 

HELIUM VENT MASS 

- 

0.09 LB 


gBNKRAU DVNAMIC5 
Commir OMdon 


31 Oct 75 


POST VENT CONDITIONS 

« PRESSURE RECOVERY OF 0. 12 PSID CAUSED BY EVAPORATION OF 0.53 LB LH^. 

^ 0.094 °R TEMPERATURE DROP INDICATES AN LH^ VAPOR PRESSURE DECAY 

FROM 20. 16 PSLA TO 19.88 PSLA AT BOOST PUMP INLET. 
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GBNKRAL OVWAMieg 


Camtir Dfvition 

31 Oct 75 


LH^ TANK ENERGY BALANCE 

ULLAGE TEMPERATURE CONDITIONS FROM MECO 2 TO MECO 3 


• CF24T GENERALLY REFLECTS THE WARM ULLAGE CONDITIONS RESULTING 
FROM PRESSURIZATION WITH AMBIENT HELIUM. CF25T AND CF27T 
TEMPERATURES ARE DISCUSSED BELOW. THE INDICATED TEMPERATURES 
RAVE BEEN INCREASED BY O.t'^R TO REFLECT ACTUAL TEMPERATURES. 

• MECO 2 ^ AVERAGE ULLAGE TEMPERATURE = 36.23°R {SATURATED 

AT 14. 11 PSIA) 

« POST MECO 2 ~ AVERAGE ULLAGE TEMPERATURE = 36. 43°R 

NOTE: THE INCREASED ULLAGE TEMPERATURE WAS DUE TO THE LH 
EVAPORATION THAT RESULTED FROM THE LOSS OF LIQUID ^ 
ACCELERATION HEAD. 

Q 3RD PRESS'N ~ CF25T INCREASE = 5.3°R WHICH INDICATES WARM VAPOR 

ADJACENT TO PROBE. 

CF27T INCREASE = 2.7°R WHICH RESULTS FROM ULLAGE 
COMPRESSION. 
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/ 

SBNgRAL DYWAMteS 
Coanir DMxion 
31 Oct 75 

LHg TANK ENERGY BALANCE 

ULLAGE TEMPERATURE CONDITIONS FROM PROGRAMMED VENT TO MECQ4 

e VENT VALVE UNLOCK— AVERAGE ULLAGE TEMPERATURE = 39.12'R. 

9 VENT TERMINATION ~ AVERAGE ULLAGE TEMPERATURE DROPS TO 38.93°R. 

• POST VENT - AVERAGE ULLAGE TEMPERATURE REMAINS AT 38. Os'll. 

NOTE: THE ULLAGE TEMPERATURE DECAY IS CONSISTENT WITH THE 0.42 PSID TANK 

PRESSURE DECAY DURING VENTING. 

9 MEC04 - AVERAGE ULLAGE TEMPERATURE = SS.^S^R. 

9 POST MEC04 ~ AVERAGE ULLAGE TEMPERATURE - 38. 6l"R. 

NOTE: THE INCREASED ULLAGE TEMPERATURE WAS DUE TO THE LH 2 EVAPORATION THAT 

RESULTED FROM THE LOSS OF LIQUID ACCELERATION HEAD. 

® CF25T AND CF27T DID NOT DETECT THE MASS OF WARM GHg AND HELIUM ESTIMATED AT 
250 FT3, 17.2 LB AND 74 “R. 
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LH? TANK ULLAGE TEMPERATURES 
DURING MISSION 


GENERAL DYNAMICS 

Canvair Division 


31 Oct 75 



CF 25T H/ULLAGi: ST 2387/310 
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G ENERA!- DYNAMICS 

Convair Division 

31 Oct 75 

NET HEAT INPUT TO LH ^ TANK 

@ FIRST LAW EQUATION SOLVED FOR 

® AQ = AQ -100 BTU {PER B/P SPENDOWN) - (RECIRC. + VOLUTE 

TANK NET p^QW HEAT ADDITION) 

^ TANK HEAT INPUT - INTERMEDIATE BULKHEAD HEAT LOSS 


MECO 2 TO ME5 4 CONDITIONS (MES 4 OBTAINED FROM ENGINE BURN SIMULATION) 
® ^^TANK ” ^ 2ND COASt'" SrD COAST*" 


MECO 2 TO PRE-PROGRAMMED VENT CONDITIONS 


AQ =Q * (1.0 HRS) + (2.44 HRS) 

TANK 2ND COAST 3RD COAST 


CALCULATED TANK HEATING RATES 


»2ND COAST = 


Q = 2270 BTU/HR 

3RD COAST 
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NET AQ ~ BTU 



Convmr Division 


MEC02 TO PRE-PROGRAMMED VENT 


MEC02 TO MES4 


NOTE: 

MES4 CONDITIONS 
OBTAINED FROM 1 
ENGINE BURN ; 
SIMULATION.: :t:;' 


SUPERHEAT 


SUPERHEAT 


9000 


10000 


< 8000 


9000 


•BEST ESTIMATE OF | 
r PROPELLANT CONDITION 


• BEST ESTIMATE OF 
“PROPELLANT CONDITION 


QtanK “ BTU/HR (2ND COAST) 
j .[ j = 2270 BTU/HR (3RD COAST) 


QtanK = 2270 BTU/HR (2nd COAST)’ 
:[ 'rl ;/[• = 2270 BTU/HR (3RD COAST) 


MES4 LIQUID VAPOR PRESSURE, PSIA 


LIQUID VAPOR PRESSURE 
AT VENT TERMINATION, PSIA 




(IBNBRAL OYNAMICg 

Convair Dnmion 

31 Oct 75 

SUMMARY OF LH 2 TANK THERMODYNAMIC CONDITIONS FROM MEC02 TO MEC04 

• NET HEAT INPUT RATES OF 2270 BTU/HR ARE EMPLOYED TO DETERMINE INTERMEDIATE 
STATE CONDITIONS. 

• TABULATED INTERMEDIATE STATE CONDITIONS ARE OBTAINED FROM ENERGY BALANCE. 


CONCLUSIONS 


• HELIUM PURGE CONTRIBUTION TO PROPELLAN'l TANK STATE WAS MINIMAL. 

• INTERMEDIATE BULKHEAD HEAT TRANSFER RATE « 1000 BTU/HR. 

• LHg NEAR SATURATION THROUGHOUT COAST PERIODS. 

• PRESSURANT HELIUM RESPONSIBLE FOR ULLAGE TEMPERATURE STRATIFICATION DURING 3RD 
COAST AND FOURTH MAIN ENGINE FIRING. ABOUT 17.2 LB. OF GH 2 AND HELIUM AT 74“R TEMPER- 
ATURE RESIDED AT THE FORWARD END OF THE TANK. 

• HgOg MOTOR FIRINGS RESULTED IN AP DECAYS OF UP TO 0.14 PSID, BUT DID NOT SIGNIFICANTLY 
COOL ULLAGE. 

TC-5 APPLICATION 


• 5-1/4 HOUR COAST PRESSURE RISE RATE WILL BE SIMILAR TO THE TC-2 3RD COAST PRESSURE 
RISE RATE. 

• SIXTH COAST PRESSURE RISE RATE WILL BE TWO TIMES GREATER THAN FOR 5-1/4 HOUR COAST 
BECAUSE OF REDUCED LH 2 MASS. 


TC-2 MISSION LHg TANK THERMODYNAMIC CONDITIONS 


BBN5RAL DYNARfilCS 
Canvair Division 

31 Oct 75 


EXPULSION, LB. 


VAPOR VENT, LB. 

NET HEAT RATE 
TO TANK, BTU/Hl^ 



MEC02 

ERE-NES3 

MES3 

— 

MECO3 

PRE-PROG 

VENT 

. .. 

END 

VENT 

Hffl-MES4 

mes 4 

meco 4 

POST 

meco 4 

TANK HiESSURE, PSIA 

l4.ll 

15-93 

19.19 

18.28 

20.30 

19.88 

21.01 

'^i.28 

19.10 

19.34 

HYDROGEN HffiSSURE, PSIA 

13.98 

15.80 

18.84 

17.9^ 

19.96 

19.54 

20.67 

21.76 

18.68 

18.82 

IIELIUM PRESSURE, PSIA 

0.13 

0.13 

0.35 

0.34 

0.34 

0.34 

0.34 

0.52 

0.52 

0.52 

LIQUID PRESSURE, PSIA 

14,23 

15.55 

15.55 

15.55 

19.83 

19,60 

20.00 

20.00 

19.10 

18.8 

LIQUID MASS, LB. 

1131.2 

1126.3 

1078.3 

966 . 0 

949.8 

9^^7.9 

940.30 

875.3 

329.9 

323.6 

VAPOR MASS, LB. 

81.30 

86.20 

86.20 

86.20 

101 . 43 

100.76 

108.4 

108.4 

110.1 

110.4 

HELIUM MAGS, LB. 

1.285 

1.335 

3.440 

3.440 

3.560 

3.473 

3.504 

4,601 

4.602 

4.602 

VAPOR TEMIERATURE,°R 

36.3 

38.4 

46.0 

44.7 

43.1 

42.6 

42.5 

45 

42.4 

42.6 

VAPOR SUPERHEAT, °R 

0.08 

1.5 

8 

7 

4.7 

4.3 

3.8 

6.0 

4.3 

4.5 


0 

0 


48 

0 


112,3 

0 


1 

0 


0 

2.51 


0 

0 


65 

0 


543.6 

0 


6 

0 


2270 


V-34 



















vj-> ■ 


GgNBW AL DYNAMtCa 

Can¥mr Dhfisson 

TC-2 POST HELIOS EXPERIMENT DATA REVIEW 


I 

INTRODUCTION 

HUBER 

n 

PROPELLANT BEHAVIOR 

MERINO 

m 

HELIUM USAGE 

MERINO 

IV 

PROPELLANT TANK PRESSURIZATION 

MERINO 

V 

PROPELLANT TANK THERMODYNAMICS 

MERINO 

^ VI 

COMPONENT HEATING & THERMAL CONTROL 

CHRISTENSEN 

vn 

MAIN ENGINE SYSTEM 

HUBER 

vm 

H2O2 CONSUMPTION 

HUBER 

DC 

BOOST PUMP POST-MECO PERFORMANCE 

HUBER/MERINO 

X 

OVERVIEW OF OTHER SYSTEMS 

HUBER 


Vl-i 


gKWKB^I. PYWAMICai 

CowfBir Diyition 


THERMAL AND HEAT TRANSFER 


e PRELAUNCH THERMAL CONTROL BY GAS CONDITIONING AND PURGING 

• PRELAUNCH TANK HEATING 

• ASCENT THERMAL ENVIRONMENT AND RESPONSE 

• SPACE AND VEHICLE INDUCED ENVIRONMENT 

• FORWARD BULKHEAD MULTILAYER INSULATION 

— THERMAL RESPONSE AND PERFORMANCE 

• THREE -LAYER SHIELDING 

— THERMAL RESPONSE AND PERFORMANCE 

• TITANIUM STUB ADAPTER AND GROUND PLANE/SHIELD 

— THERMAL RESPONSE AND PERFORMANCE 

O WIRING MODULE STRUCTURE/TYPICAL PENETRATION 
— THERMAL RESPONSE AND PERFORMANCE 

« LH2 tank PLIGHT HEAT RATES 


VI- 1 


aKWgRAt. PVWAMK3B 
Cotw»ir Divi»on 


THERMAL AND HEAT TRANSFER 


LO2 tank shield insulation kit 

— THERMAL RESPONSE AND LO2 TANK FLIGHT HEAT RATES 

INTERMEDIATE BULKHEAD PERFORMANCE FROM PROPELLANT ENERGY BALANCES 

TANK VENT SYSTEMS 

— THERMAL RESPONSE 

ELECTRONIC EQUIPMENT 

— THERMAL RESPONSE AND PERFORMANCE 

HYDRAULIC SYSTEM 

— THERMAL RESPONSE AND PERFORMANCE 
H2O2 SYSTEM 

— THERMAL RESPONSE AND PERFORMANCE 

H2O2 SYSTEM EXHAUST IMPINGEMENT HEATING ENVIRONMENT 

MAIN PROPULSION SYSTEM 

~ THERMAL RESPONSE AND PERFORMANCE 

THERMAL CONTROL SUMMARY 


ttBNBWAI. DVNAM»g« 

Convir OM$ien 


THERMAL AND HEAT TRANSFER 

^ • PRE LAUNCH THERMAL CONTROL BY GAS CONDITIONING AND PURGING 

• PRELAUNCH TANK HEATING 

• ASCENT THERMAL ENVIRONMENT AND RESPONSE 

• SPACE AND VEHICLE INDUCED ENVIRONMENT 

• FX)RWARD BULKHEAD MULTILAYER INSULATION 

— THERMAL RESPONSE AND PERFORMANCE 

• THREE -LAYER SHIELDING 

— THERMAL RESPONSE AND PERFORMANCE 

• TITANIUM STUB ADAPTER AND GROUND PLANE/SHIELD 

— THERMAL RESPONSE AND PERFORMANCE 

• WIRING MODULE STRUCTURE/TYPICAL PENETRATION 

— THERMAL RESPONSE AND PERFORMANCE 

• LH2 tank flight HEAT RATES 


1 

1 
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CENTAUR D-IT/PAYLOAD/SHROUD MAJOR 
THERMAL PROTECT I ON AND INSULATION SYSTEMS 


G6NBR Al. dynamics 
Convs/r Amospscm Division 


1" ENCAPSULATED 
EffiEROUS 
INSULATION 


PAYLOAD 

COMPARTMENT 


ELECTRONICS RADIATION \ 
COMPARTMENT SHIELD 


SHROUD/LH 2 TANK 
COMPARTMENT 

3. 0*’ HBER BATTS + 
3.3" ENCAPSULATED 
FIBEROUS _ _ 

INSULATION " 


SHROUD/ISA 

ANNULUS 

INTERSTAGE ADAPTER (ISA) 
ENGINE COMPARTMENT 



SPACECRAFT (VIKING SHOWN) 
ENCAPSULATION BULKHEAD 

f 

SPACECRAFT SUPPORT TRUSS ADAPTER 

EQUIPMENT MODULE/STUB ADAPTER/ 
TANK FWD BULKHEAD COMPARTMENT 
1-1/2" MULTILAYER INSULATION 
ON FWD BULKHEAD 

SHROUD FWD SEAL/BULKHEAD 

RADIATION SHIELD SYSTEM 
ON LH 2 TANK SIDEWALL 


DOUBLE- WALL INTERMEDIATE BULKHEAD 
WITH CRYO- EVACUATED 0.2" FIBERMAT 


SHROUD AFT SEAL/BULKHEAD 


LO 2 TANK AFT BULKHEAD WITH 
RADIATION SHIELD SYSTEM 


VI-4 


FIGURE 1-1 












PRELAUNCH GAS CONDITIONING CONTROL OF 
EQUIPMENT ENVIRONMENT 


GBNBttAL DYNAMICS 

Ccmv#/r A»royf>«c^ Division 


THERMAL CONOmONlNC CRITERIA 
PAYLOAD COMPARTMENT 


HEUOS: 

INLET TO _, <• 9 ,p 

CO.M?ARTMENT • -13 

,FIO'.V R.\TE ^0 LD/MIN. 

Di:W POINT ' 52*F MAX. 

SI'ACEClUFT HEAT ^50 Bni/HRMAX. 

SimOtll) IlfAT lOAO 7000 BTU/IIR MAX. 
FROM AMBIENT 


CENTAUR ELECTRONICS COMPARTMENT 

EQUIPMENT TEMPS -10 - lOO I 

DEW POINT 45T MAX. 

SHROUD MEAT IO \D 13, 500BTUHIR 

FROM AMBIENT 

MAKE-IIP HE \T lOS T TO CRYO-SINKS 
PRESSIIRI^ AC.AINST V\ IND INi'lOU 


INTERSTACE ADAPTER ^ENC.INE COMPMLTMtN I 

EQUIPMENT TEMPS SO - ‘HI I 

DEW I’OINT 4S I MAX. 

M\I\E-UPIIE, \T IOST10 CRYO-SVS IT.MS 
PRF.SSUIU/E \C.AINST WIND INEEOW 



PAYLOAD 

COMPARTMENT 


CENTAUR 

ELECTRONIC 

COMPARTMENT 


INTERSTACE 
ADAPTER/ENGINE 
COMPAR l MENT 


CAS REQUIREMENTS 


ALL COMPARTMENTS USE AIR/GN 2 PRIOR 
TO/AFTER CRYOTANKING 


HELIOS PAYU3AD 


DESIGN 


TC-2FUCHT 


120 i 5 IB/MIN GN, 

72+ 9 ^F 
-13 


120 IR/MIN 

72°F 


36.S“FDP MAX 


90 E 5 LB/MIN. CNj 



90 LB/MIN 
72*F 

3S.S»F DP MAX 


130 l 5 LB/MIN. CNj 



130 Ifl/MIN 
118*F 

38° F DP MAX 
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FIGURE 2-1 









ORIGINAL PAGE IS 
OP POOR QUALITY 



ORIGINAL PAGE IS 
OF POOR QUALITY 


PAYLOAD EMVIROMMEimL CONTROL COITOITIOUS 

+ 9 o 

COMPARTMEMT TEMPERATURE REQUIEEMEIiT 72 ^ 

DATA TCD LAIMCH 


AMBIENT TEMPERATURE 


72 °E 


48 °F 

INLET TEMPERATURE COS5T 


0 

72 F 


72 °F 

INSULATION INSIDE TEMPERATURES 





CA 192 T STATION 28 l 6 

0 

71.5 E 


67°F 


CA193T STATION 2696 

68.5 


65 


CAI96T STATION 2672 

75.0 


70 


CA 194 T STATION 2664 

71.0 


64 


PAYLOAD AMBIENT TEMPERATURE 





CY I9T STATION 2511 

71.5 


68 


AVERAGE COMPARTMENT TEMPERATURE 


7 l. 5 °F 


66.8°F 

COMPARTMENT GAS TEMPERATURE CHANGE 


- 0.5 F 


0 

- 5.2 F 
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EQUIPMENT MODULE COMPARTMENT TEMPERATURE LOCATIONS 

■ — — — ■ ' — — ■■ ' — — C^ifiVMirA9fOSp9cm Divrshn 

SHROUD 
SEAL 

GAS CONDITIONING DUCT 


AtAIN BATTERY 1, 
CET108T 

siG. coni:) no. 1 , 

CT56T 


•EQUIP. MOD. 
INSTtt., CT75T 
EQUIP. MOD. _ 
SKIN, CA904T . 

MUX 1, CT58T 



S-BAND XMITTEU, 
CT62T 


SEU, CI316T 
IRU, CBQOT 


IRU OTBD MOUNT, 
CA905T 


S-BAND XMTR, 

CT61T 

DCU, CK30T 

SEQ CONT. 
UNIT, CC202T 

SHROUD RAD. 
SHLD, CA191T 

EQUIP. MOD. 
SKIN, CA903T 

MAIN BATTERY 
3,CET110T 
IRGU, CM47T 


SIU, CS811T 

C-BAND 

■XPONDER, 

CBIT 

main battery 

2, CET109T 

RSC BATTERY 
2, CET57T 

RSC BATTERY 
1, CET56T 

EQUIP. MOD. 
SKIN, CA914T 


FIGURE 2-2 


TABLE 2-II 

EQUIPMENT MODULE COMPARTAAENT PRELAUNCH 
TEMPERATURE SURVEY 


CSeW BRAl . PVWAMteS 

CanvafrAerospiiem Dfv/ston 


MEAS. 

NO. 

COMPONENT 

TEMPERATURE, 

“F 

dT “F/ 

ADJUSTED 
STEADY-STATE 
TEMP, “F 

LH2 tanking 

AT, *T 

PRIOR 
TO LH2 

LIFTOFF 

dT’ / HR 
@ LIFTOFF 

CA 905 T 

IRU OUTBOARD MOUNT 

90. 


0 


-9 

CBIT 

C-BAND XPONDER 

V7 


0 


-8 

CC 202 T 

SCU HOUSING WEB 

78 

71 

-2 

69 

-9 

as GOT 

IRU SKIN INTERNAL 

90 

82 

-1 

81 

-9 

asi6T 

SEU INTERNAL 

80 

72 

-2 

71 

-9 

CK 30 T 

DCU SKIN 

91 

86 

-2 

85 

-6 

CM 47 T 

IRGU GYRO BLOCK 

93 

88 

-3 

86 

-7 

CS8UT 

SIU SKIN 

80 

75 

-2 

74 

-6 ' 

CT 56 T 

SIG CONDITIONER NO. 1 

78 

72 

0 


-6 

CT 58 T 

EQUIP MODULE MUX 1 . 

78 

71 

“3 

69 

: -9 

CT 61 T 

S-BAND XMTR INT-PCM 

91 

86 

0 


-5 

CT 62 T 

S-BAND XMTR INT-FM 

90 

82 

0 


-8 . 

CT 75 T 

EQU MOD INSTR BOX 

79 

74 . . 

-e • - 

72 . • • 

-7 : . 


AVERAGE AT 





^7-54"^’^ ' 

COMPU' 

:ED COMPARTMENT GAS 

68.59 

61.05 



+2.54 

COMPARTMENT BOUNDARY CONDI! 

TONS 





COS 8 T 

CEM GAS INLET 

71.5 

72 

0 


0 

CYag ■ 

S/C aOMP AMB AT ADPT 

74 

68 

0 


-6 

CA 901 T 

jp/L ADAECER''' 

1 

73 

68 

0 


-5 

CA 903 T 

EQUIP MODULE SKIN Q 4 

71 

42 

0 



GA 904 T 

EQUIP MODULE SKIN Q 1 

71 

41 

0 


-30 

CA 914 T 

EQUIP MODULE SKIN +Z 

72 

54 

0 


-18 

CA 191 T; 

RAD SHLD ST 2485/300 

75 

71 

1 0 

1 

-4 


ENERGY BALANCE COMPUTED HEAT RATE FROM MODULE COMPARTMENT TO LH2 TANK 
BOUNDARIES AT LIFTOFF = 25,190 BTU/HR, 


VT-8 









TC-2 SOLAR DIRECTION 

ON ALTERNATE 

THERMAL MANEUVER 
ROLLS 

GEL78T, CEL 86 I 

CEL 80 T ^ J~— 


0/360“ 


CP752T- 

CP745T- 

CP741T- 

CU240T- 

CP754T- 

CP36T- 


CEL82T - 
. CEL84T - 

CEL74T - 
CEL76T- 
CP98T- 
CP829T- 


J_ 

I rst 

I ISI 


// / o> 7 7^ 

// / / ^^1 

H / If i 
II I I li 

7 17 V \ 

7” “- t— 


y 


\ 




b X ^ ^ m. 

\ \ \ W 

ALU 


\7 


\ // /S. / m 

\yy c >y / 7 

yy X/// / // 

/I / \ / ti 

<S >^y / // 

-t v' X // 




CPG3T 

CP143T 

CP743T 

GEL77T 

CEL75T 

CH.85T 

:^^o^cel83t 

CP127T 

CEL 8 IT 

Cm.7^,CFl87T 

CP744T 

CP144T 

CU241T 

CP742T 

CP746T 


TC-2 SOLAR DIRECTION 
ON ALTERNATE THERMAL 
MANEUVER ROLLS 


AFT IJULKIIKAI) - VIKW LOOKING FORWARD 


FIGURE 2-3 


SHIELDING, HYDRAULIC, PNEUMATIC 
ENVIRONMENTAL TEMPERATURE LOCATIONS 


tBRWKRAt. OVWAMIC3S 
Corner AatoafHKO Oivix^ 



AKT BULKIIKAI) - VIKW LOOKING FORWARD 
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i’lGURE 2-h 


H202 SYSTEM TEMPERATURE LOCATIONS 


CggMBRAU gyMA MlCSB 
Cimv^tA«nfspacm Ofviifon 


TC-2 SOLAR DIRECTION 
ON ALTERNATE 


0/360” 


THERMAL MANEUVER 
ROLLS 


CP83CT 

CP376T 

CP149T 

CPC93T 


CP75^T 


CP159T 

CP834T 


CP832T 

CP154T 


CP03T 

CP831T 

CP153T 



GP152T 



CP155T 

CP15GT 


CP148T 

CP714T 

CP150T 

CP833T 

CP712T 


CP361T 


CP710T 

CP157T 

CP711T 

CP151T 

CP691T 

CP837T 


TC-2 SOLAR DIRECTION 
ON ALTERNATE THERMAL 
MANEUVER ROLLS 


AFT IJULKIIFAI^ — VJKW LOOKING FORWARD 
VI-Il 


FIGURE 2-5 













TABLE 2-V 

INTERSTAGE ADAPTER PRELAUNCH TEMPERATURE SURVEY 

^ _ GENERAt. DYNAMICS 

CENTRAL ZONE NON -C R YOGEN I C TEMPERATURES Cotwatr ABrospmem Division 


MEAS. 

NO. 

COMPONENT 


♦ 

Lllg 

»F 

AT 

LO 2 

•F 

* 

LHe 

-F 

AT 

LH 2 

»F 

LIFT- 

OFF 

OF 

dr 

LIFT- 

OFF 

"F/HR 

TEMP. 

@ LHet 

•F 

At 

LHe 

•F 

CA309T 

LOg AFT BLKIID OUTER SHIELD 

no 

54 

CRYO 

48 

-6 

35 

0 

— 

-13 

CA307T 

LOg SUMP OUTER RAD. SHIELD 

107 

69 

CRYO 

67 

1 

-2 

48 

0 

— 

-19 

CII3GT 

C-2 PITCH ACTUATOR BODY 

106 

96 

-SLOPE 

86 

1 

-SLOPE 

73 

-13 

NOT PROJ 

- 

CP3GT 

LO 2 B.P. TURBINE BEARING 

107 

95 

-SLOPE 

88 

— 

72 

-19 

68 

-20 

CP714T 

LO 2 B.P. INLET LINE 

102 

89 

-13 

86 

-3 

66 

0 

* — 

-20 . 

CP711T 

LO 2 B.P. ORIFICE HOLDER 

101 

(98)» 

86 

-15 

83 

-3 

65 

-17 

a 

-22 

CP756T 

II 2 O 2 MANIFOLD LINE 

j 

no 

95 

-SLOPE 

93 

■■ “■ 

79 

-7 

77 

-16 -• 



♦start 

tpROIKCTED STEADY -STATE CONDITIONS. 

tTEMEERATURES IN ( ) ARE ADJUSTED TO ELIMINATE HEATER EFFECT. 
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S o 
8 § 

g 

63 


TABLE 2-V (cont’-nued) 

INTERSTAGE ADAPTER PRELkJNCH TEIVIPERATURE SURVEY 

CENTRAL ZONE NON-CRYOGENIC TEMPERATURES Convaif Aerospaea OMsion 


ME AS. 
NO. 

■ 

' COMPONENT 

* 

LO 2 
“F • 

■ 

AT 

LO 2 

LHe 

op 

AT 

LH 2 

. 

B 

dT 

dr 

LIFT- 

OFF 

“F/HR 

TEMP. 

@ LHet 

ay 

1 

AT 

LHe 

"F 

CF174T 

LO 2 B.P. SHAFT HOUSING 

96 

0 

CRYO 

+ 3 

SPIN 

i-STjOPE? 

- 7 

0 


-10 

CPI 76 T 

LOg B.P. GEAR CASE 

108 

90 

-SLOPE 

81 

SPI'T 

-glo:e 

66 

“13 

62 

-19 

CPlTfcST 

LOg B.P. DECOMP. CHAMRER 

( 106 ) 

143 

133 

-SLOPE 

128 

SPIH 

U.0 

-13 

106 

-22 

CPI 8 OT 

LO^ B.P. TURBINE HSG OUTBOARD 

97 

87 ' 

-SL0H3 

60 

- 

65 

-13 

61 

-19 

GP182T 

LO„ B.P. TURBINE HSG APT 
2 

100 

85 

-15 

77 

- 8 

65 

■ 0 

- 

-12 TC 

CP184T 

LOg B.P. LOCK-ROTOR BOSS 

97 

85 ■ 

-SLOiE 

80 

- 

65- 

-10 

63 

“17 

CKL86T 

LOg B.P. DECOMP CHAMBER TC 

(104) 

i4l 

126 

-SLOPE 

122 

_ 

105 

-13 

lOQ. 

-21 TC 


AVERAGE 

• 

cvl 


-14.3 


-4.4 




- 17.7 


f 




TEMIERATUKES IW ( ) ARE ADJUSTED TO ELIMINATE HEATER EFFECT. 
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lABUE 2-X 


GENBRAjL PYNAMICS 
Convalr Aerospeea OMfioit 

SUMMARY OF INTERSTAGE ADAPTER AND ISA/SHROUD ANNULUS 
INDICATED COMPARTMENT AVERAGE GAS TEMPERATURE 





. 






LONG DURATION 


START LO2 

LO2 TANKING 

LH2 TANKING 

LHe CHELLDOWN 


NO. OF 

TEMP 

NO. OF 

AT 

TEMP 

NO. OF 

AT 

TEMP 

NO. OF 

AT 1 

TEMP 

ZONE 

MEASES 

op 

MEAS*S 

°F 

*F 

MEAS’S 

“F 


MEAS'S 

®F 1 


ISA CENTRAL 

ik 

102.8 

3 

“111-. 3 

88.5 

5 

" 4.4 

84.1 

13 


66.4 

C-1 ENGINE 

11 

97.9 

9 

-11.3 

86.6 

6 

- 5.3 

81.3 

8 


59.3 

C-2 ENGINE 

10 

99.0 

8 

-13.6 

85.4 

7 

- 4.7 

80,7 

9 

-26.7 

54.0 

ISA PERIPHERY 

19 

101.5 

15 

-19*3 

82.5 

15 

- 3.9 

78.3 

19 

-14.7 

63.6 

TOTAL ISA 

5 ^)- 

100.6 

35 

-15.5 

85.1 

33 

- 4.4 

80.7 

49 

-18.9 

61.8 

lh 2 boost pump 

VICINITy 

12 

102.9 

6 

-15.3 

87.6 

6 

4.5 

83.1 

. 12 

-11.3 

71.8 


VI-M 










IABI£ 2 -XI 


SUMIVIARY OF PRELAUNCH CRYOGEN’ HEAT RATES 
FROM AFT COMPARTMENTS ENERGY BALANCE 


GENERAL DYNAlVflCS 
Convjtir A^mpMcm Division 


HEAT RATE FROM 

TEMPERATURE 

, “F 

OVERALL 

COEFFiaENT 

(UA) 

HEAT RATE 
AT LIFTOFF 

COMPARTMENT 

TO: 

COMP’T 

SINK 

AT 

BTU/HR-“F 

BTU/HR 

ISA 

LO2 

61.8 

-281f 

345.8 

94.3 

32,610 

ANNULUS 

L02 

53.0 

-284 

337.0 

42.4 

14,290 

dSA CONDUCTI 

ON) 






ISA 

LH2 

6 l *8 

0 

t 

481.8 

14.5 

6,990 

ANNULUS 

LH2 SUMP 

71.8 

-420 

491.8 

1.8 

890 

ANNULUS 

TANK/SHROUD He 

53.0 

-350 

403.0 

50.4 

20,310 . 

ISA 

LHe CHILL 

61.8 

- 44 o 

501.8 

102.6 

51,480 

ISA 

TITAN SKIRT 

61.8 

65 

- 3.2 

135.0 

- 430 

ISA 

AMBIENT 

61.8 

48.0 

13.8 

6 o 4 .o 

8,340 

ISA * 

ANNULUS 

^ i 

61,6 

53 

8.8 

535.0 

4,710 

ANNULUS j 

AMBIENT i 

53.0 

46.0 

5.0 

457.0 

2,290 

ELECT/HEATERS 1 

ISA 


61.8 



1,160 ' 

ELECT/HEATERS 

ANNULUS 

— 

71.8 

1 



l 4 o 
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TANK SECTION 

I N S T R UMENTATION CONFIGURATION 


QHNRRAl, DYNAMICS 

Conv^/r Aerospitco Divfsion 


LAUNCH TEMPERATURES - “F 


LAUNCH TEMPERATURES - "F 


TC>2 

TC-1 


44 

38 

CA903T/300* <\ 

41 

40 

CA904T/66* j 

S3 

49 

CA914T/186® J 

•62 

-70 

• CA909T/186® 

•56 

-62 

CA910T/306" 

-79 

-65 

CA913T/60® 4 

-217 

-220 

CA911T/306* 

-216 

-190 

CA912T/60" 

-416 

-417 

CA906T/166® ‘ 

-416 

-416 

CA907T/186* 

-416 

-418 

1 CA908T/306* . 

-S3 

-SO 

CA979T/180* 

-64 

-40 

CA972T/180P n 

-70 

-85 

CA973T/100* 1 

-35 

-40 

CA974T/0* j 

-S3 

-40 

CA975T/270® J 

-14S 

-155 

' CA978T/180® ^ 

-173 

-160 

CA977T/180® ' 

-2S6 

-270 

CA976T/180* ' 


IGS/.m psm CAS893P ys, redune 

.045 PSID MIN FOR WINDS LESS 
THAN 33 KNOTS. LAUNCH 
\trm ^7/4- KNOTS FONTc-i/e. 


6 

u 


15 

10 


CA989T/90® 

CA988T/90* 




TC-1 

TC-2 

CF31T/190" 

-160 

-134 

CA197T/315® 

15 

16 

CA204T/315® 

-45 

-47 

CA206T/308® 

-85 

-40 

CA208T/60* 

-60 

-59 

:CA207T/308® 

10 

-4 

CA178T/315® 

70 

37 

CA179T/60f» 

SO 

42 

CA180T/128* 

55 

50 

CA20ST/30S* 

-105 

<-100 

CA198T/308® 

55 

21 

CA9S2T/293® 

-135 

-122 

CA960T/69® 

-145 

-133 

CA953T/293® 

-255 , 

-273 

, CA961T/69® 

-250 

-195 

CA954T/293® 

-295 

-305 

CA962T/69* 

-300 

-300 


y.CA209T/30B» 

-340 

>343 

C CA210T/308® 

-no 

. -138 

• CA181T/308® 

55 

2S 

CA182T/68® 

45 

39 

1 CA183T/128® 

40 

38 

CA9S5T/293® 

-345 

-343 

. CA963T/203® 

-360 

-35S 

CA9S6T/293® 

-370 

-380 

, CA964T/203® 

-385 

-380 

‘ CA957T/293" 

-405 

-387 

. CA965T/203® 

-410 

-387 

''CA211T/300’ 

-355 

-356 

■^CAl99T/308“ 

-55 

-60 

f CA980T/90® 

-180 

-212 

1 CA981T/82® 

30 

35 
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ggWBRAL DYWAMtCg 
Cm»ir tXvitioa 


THERMAL AND HEAT TRANSFER 


PRELAUNGH THERMAL CONTROL BY GAS CONDITIONING AND PURGING 
PRELAUNCH TANK HEATING 

ASCENT THERMAL ENVIRONMENT AND RESPONSE 

SPACE AND VEHICLE INDUCED ENVIRONMENT 

FORWARD BULKHEAD MULTILAYER INSULATION 
— THERMAL RESPONSE AND PERFORMANCE 

THREE -LAYER SHIELDING 

— THERMAL RESPONSE AND PERFORMANCE 

TITANIUM STUB ADAPTER AND GROUND PLANE/SHIELD 
— THERMAL RESPONSE AND PERFORMANCE 

WIRING MODULE STRUCTURE/TYPICAL PENETRATION 
THERMAL RESPONSE AND PERFORMANCE 

LH2 tank FLIGHT HEAT RATES 
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TABLE 3-II 

LO BOIL-OEF TESTS DUEING TCD 
2 


TEST NUMBER 

1 

! 2 ■ 

3 

SHROUD PURGE RATE 

HIGH 

i 

HIGH 

HIGH 

ULLAGE PRESKJRE (PSIA) 

30.95 

30.79 

30.79 

ELAPSED TIME FOR 1.64 FT^ — -- 
BOTL-OFF FROM 100.2^ TO 99* 8^ (lONUTES) 

8.74 

12.075 

12.055 

LOg DENSITT (LB/FT^) 

69,0 

69.0 

69.0 

HEAT OF VAPORIZATION (BTU/LB) 

90.0 

i 

90.0 

90.0 

NET HEAT RATE TO LOg (BTU/HR) 
(W/O LHe CHILLDONN)'^ 

AVERAGE HEAT RATE (BTU/HR) 
(LAST TWO TESTS ONLY ) 

i 

; 71,300 

51,600 

i 

51,700 

51,650 

HEAT HAOE ADJUSTED FOR LHe CHILCDOWN AND ,521.8-176, „ 

' — V 1 r- ^ 

LAUNCH TEMPERATURES * '54.5-176- 

= 48,300 BTU/HR 


* LO MET HEAT RA^ffi NOT AIEECTED BY SMALL CHANGES IN LIQUID LEVEL SO NO 
^ ADJUSTMENT BEQUIEED TO FULL TANK. 
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35,830 


LHg TANK IBErATJNCJH HEATING HATE BREAKDOWN 

{bto/hr) 

2550 i 2600 

✓ 



20,310. 


Sin^ARY OF HEAT BALANCE 


TANK HEATING 
LIQUID 


FWD BULKHEAD 

11,100 

(AFT TO s/a MEDFSAJiB) • 


. STUB ADAPTER (S/A) 

9,565 

SIDEWALL 

93,205 

SUMP FWD OP SEAL 

360 

SUMP AFT OP SEAL 

890 

LINES & MAIN VALVES 

6,990 

INTERMEDIATE BULKHEAD 

J..2l^0 

LH TOTAL 

123,850 

ULLAGE 

2,600 

TANK TOTAL 

126,450 

SHROUD HEATING 


FWD SEAL 

8,940 

AFT SEAL 

20,310 

HELIUM SURGE 

40,250 

SHROUD SIDE 

35.830.. 

TOTAL 

105,330 

HEATING PROM SHROUD/TAHK 

- 

COMP’T TO TANK AND VENT 


STUB ADAPTER 

9,565 

SIDEt'JALL 

93,205 

SUMP 

860 

VENT DISCONNECT 

1,700 

TOTAL 

105,330 


VI -20 


FIGURE 3-1 





LO TASK IREIAUHCa HEA.TIHG RATE BREAKDOWN 

• ^ (btu/hr) 


SUMMAEI OF HEAT BALANCE 

ISA 142 

APT BULKHEAD 289 

SUMP 10 

LINES & MAIN VALVES 

TOTAL LO 2 U 56 

LESS -INTERMEDIATE BUIKHEAD -12 

NET LOg HEAT 443 


28,975 


LO- TANK 
2 * 


TOTAL LOg 
60X Vent‘S 


• TOTAL FROM GN, 


LINES 564 
VALVE S 766 

1330 


VENT 

1290 


SUMP 

AREA , 625 

PENETRATIONS I 66 
BOOST PUMP 224 

1015 
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FIGURE 3-2 



ggNKRAt, OYWAM^eS 
Convsir Divittan 


THERMAL AND HEAT TRANSFER 


PRELAUNCH THERMAL CONTROL BY GAS CONDITIONING AND PURGING 
PRELAUNCH TANK HEATING 

ASCENT THERMAL ENVIRONMENT AND RESPONSE 

SPACE AND VEHICLE INDUCED ENVIRONMENT 

FORWARD BULKHEAD MULTILAYER INSULATION 
— THERMAL RESPONSE AND PERFORMANCE 

THREE-LAYER SHIELDING 

— THERMAL RESPONSE AND PERFORMANCE 

TITANIUM STUB ADAPTER AND GROUND PLANE/SHIELD 
— THERMAL RESPONSE AND PERFORMANCE 

WIRING MODULE STRUCTURE/TYPICAL PENETRATION 
— THERMAL RESPONSE AND PERFORMANCE 

LH2 tank FLIGHT HEAT RATES 
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TEMPERATURE ~ DEGREES RANKIttE 


COMPARTMENT 4 AND 4A GAS TEMPERATURE 

HISTORIES 


PRELAUNCH ESTIMATE 

7tW FLIGHT DATA 



TIME IN SECONDS FROM UFTOEF 
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tNTERSThGE ADAPTER ASCENT HEATING 


LAUNCH PLUME HEATING 
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INDICATED RECIRCULATION AFT OF BOATTAIL 





Comrnr DMaion 






QIBNItAI, 

THERMAL AND HEAT TRANSFER 



♦ • 


i 

J 

1 

i 






PRELAUNCH THERMAL CONTROL BY GAS CONDITIONING AND PURGING 
PRELAUNCH TANK HEATING 

ASCENT THERMAL ENVIRONMENT AND RESPONSE 

SPACE AND VEHICLE INDUCED ENVIRONMENT 

FORWARD BULKHEAD MULTILAYER INSULATION 
~ THERMAL RESPONSE AND PERFORMANCE 

THREE-LAYER SHIELDING 

— THERMAL RESPONSE AND PERFORMANCE 

TITANIUM 9TUB ADAPTER AND GROUND PLANE/SHIELD 
— THERMAL RESPONSE AND PERFORMANCE 

WIRING MODULE STTRUCTURE/TYPICAL PENETRATK)N 
— THERMAL RESPONSE AND PERFORMANCE 

lh2 tank fught heat rates 
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TC-2 VEHICLE INDUCED THERMAL ENVIRONMENT SEQUENCES 


SHROUD JETTISON 
TITAN separation 
SOLAR {135“) 
SOLAR {31S“) 
SOLAR fAFT TO SUN) 

S -ENGINE FIRING 
RECIRC MOTORS ON 

pressurization 

PRESTART FLOW 
START BOOST PUMPS 
MAIN. ENGINE FIRING 
SERVOPOSITIONER HEATER 


I 

I 

i 


1 ( 


1 :i 





1 

j i : 

1 — 



2S4S 2S 4S 

2S 4S 

4S 

IIKZZ3 
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D 1 
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1 1 
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n D 

1 


D □ 

! 

L_ 



I 

I 
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0 


60 


120 


] 


TIME FROM LIFT OFF, MINUTES 





CENTER ALTITUDE 
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TC-Z SUN AND EARTH CONE AND CLOCK ANGLES 
FROM PHEFUGHT ACTUAL LAUNCH TIME 

TmjECTORY 

— — 'SfM CLOCK . 

i . 




EAI?Ttf'S SHADOW 


/ ^ ^ 


CHANGE OF^^CALE 

TIME FROM LAUNCH ^ MINUTEC 






gdNUAU DVNAMICB 


THERMAL AND HEAT TRANSFER 

• PRELAUNCH THERMAL CONTROL BY GAS CONDITIONING AND PURGING 

• PRELAUNCH TANK HEATING 

• ASCENT THERMAL ENVIRONMENT AND RESPONSE 

• SPACE AND VEHICLE INDUCED ENVIRONMENT 

• FORWARD BULKHEAD MULTILAYER INSULATK>N 

— THERMAL RESPONSE AND PERFORMANCE 

• THREE -LAYER SHIELDING 

— THERMAL RESPONSE AND PERFORMANCE 

• TITANIUM STUB ADAPTER AND GROUND PLANE/SHIELD 

— THERMAL RESPONSE AND PERFORMANCE 

• WIRING MODULE STRUCTURE/TYPICAL PENETRATK)N 

— THERMAL RESPONSE AND PERFORMANCE 

• LH2 tank FUGHT heat RATES 
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HYDROGEN TANK FORWARD BULKHEAD INSULATION 
TEMPERATURE PROFILE 



CIMMBeO WALL 


^ r-MODULe 


MODULE 

r mm» ^ mw mm < 

^ ^ ^ ' 

^ fNSULATfO/^ £%TERIOR 


CASO^T 
CA913T . 


CALORIMETER DATA 


TC- 2 FLIGHT DATA 


INSULATION MID 


OFF SCALE LOHU 

INSULATION INNER SURFACE 

FORWARD BULKHEAD 


t . 



/- rUHWARD BULKHEAD 

-./C 







CA90ST 


10 to 30 AO SO too ISO 0.00 

CHANGE IN SCALE 


2SD 


300 


3S0 


TIME tN MINUTES TROM LIFTOFF 
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iMDICATgD HBAT FLUX TVg^OOCH MULTI L.AYER /NSULAT/DN 
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/> 4 /^ 


HEAT FLUJ4 j 



Time in miahJ'te^ L.n=T-apF‘ 
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THERMAL AND HEAT TRANS.’ER 


a«WWA4. DYWAMICW 

Canwarr OMtiwi 


• PRET.AUNCH THERMAL CXDNTROL BY GAS CONDmONING AND PURGING 

• PRELAUNCa TANK HEATING 

• ASCEirr THERMAL ENVIRONMENT AND RESPONSE 

• SPACE AND VEHICLE INDUCED ENVIRONMENT 

• ^RWARD BULKHEAD MULTILAYER INSULATION 

— THERMAL RESPONSE AND PERFORMANCE 

^ • THREE -LAYER SHIELDING 

— THERMAL RESPONSE AND PERFORMANCE 

• TITANIUM STUB ADAPTER AND GROUND PLANE/SHIELD 

— THERMAL RESPONSE AND PERFORMANCE 

• WIRING MODULE STRUCTURE/TYPICAL PENETRATION 

— THERMAL RESPONSE AND PERFORMANCE 

• LH2 tank FLIGHT HEAT RATES 
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Thermal Mane ^iver 




Figure 


LII2 tank radiation shield temperature measurements. 
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HYDROGEN TANK SIDEWALL RADIATION 
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TABLE 7 -VI 

SPACE HEATING OF HYDROGEN TANK SIDE WALL SHIELDING - STA 2422 @ 293'’ 


Time 
Minute s 

T 

emp -- 

Oat 

er Shield Flux, 

Btu/hr-ft2 

Mid Shield Flux, 

Btii/hr-ft^ 

Inner Shield Flux, 
Btu/hr-ft^ 

CA952T 

CA953T 

CA954T 

^solar 

^re-rad 

^out -mid 

Q 4- 

net 

®cal 

^ solar 

^mid-in 

^net 




^cal 

125 

554 

554 

419 

108,9 

-105. 50 

0 

3.4 

0 

0.52 

-1. 74 

-1.22 

0 

-1.28 

0.46 

1.48 

130 

378 

536 

425 

0 

- 22.87 

L89 

-20.98 

-22. 87 

0 

-1. 37 

-3.26 

-7.31 

-1.35 

0. 02 

0. 81 

135 

310 

513 

425 

0 

- 10.34 

1.80 

- 8-54 

- 7.84 

0 

-l.Oi 

-2.81 

-6.41 

-1.35 

-0.34 

-1.08 

140 

276 

483 

419 

0 

- 6. 50 

1.42 

- 5.08 

- 3.70 

0 

-0. 64 

-2.06 

-5.46 

-1.28 

-0.64 

-1. 68 

145 

259 

460 

407 

0 

- 5.04 

1. 16 

- 3.88 

- 2.34 

0 

-0.47 

-1. 63 

-4.66 

-1. 14 

-0.67 

-I. 74 

150 

248 

442 

401 

0 

- 4.24 

0, 99 

- 3.25 

- 1.80 

0 

-0, 33 

-1.32 

-3.88 

-1. 07 

-0. 74 

-1.73 

155 

360 

435 

395 

108 

- 18,8 

0.60 

89.8 

88.8 

0.52 

-0.31 

-0.39 

0 

-1.00 

-0.69 

-1.71 

160 

540 

460 

385 

108 

- 95.2 

-1.28 

11.5 

10.8 

0.52 

-0. 62 

1. 18 

6. 40 

- 0.90 

-0.28 

0 

165 

555 

490 

390 

108 

-106.3 

-L 18 

0.5 

2.2 

0.52 

-0. 94 

0. 76 

6.24 

-0.95 

-0.01 

1.42 

170 

560 

510 

395 

108 

-110.2 

-0.98 

- 3.2 

0 

0. 52 

-1. 18 

0.32 

5.02 

-1.00 

0. 18 

2.05 

175 

560 

530 

410 

108 

-110.2 

-0.62 

- 2.8 

0 

0.52 

-1.39 

-0,25 

3. 17 

-1. 16 

0.23 

2. 10 

180 

560 

540 

420 

108 

-110.2 

-0.42 

- 2.6 

0 

0.52 

-1.48 

-0.54 

2.58 

-1.28 

0.20 

2. 14 


Thermal Maneuver Average Inner Shield -to -Tank Heat Rate = -13, 76 = -L 15 Btu/hr-ft^ 

12 
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SUMMARY OF 3-LAYER RADIATION SHIELDING APPLICATION AND PRE-LAUNCH CONDITIONING 



Inter- 

layer 

Net 

Shield 



Lift-Off Thermal Conditions 


Shielding 

System 

Subsurface 

Protected 


Shield Temp "F 

Indicated Space 

Application 


Stand - 
Off 

Fluid or 
Item 

Min Temp 

Min 

Inner 

Max 

Outer 

Thermal Performance-. 
Flux or Qualitative ' ^ 

Tank Sidewall 

None 

Yes 

Bare CRES 

LH 2 

(1) 

He /Cold 

-385 

-115 

0 . 7 Btu/hr-ft^ 

LH 2 Sump Fwd of Bulkhead 

Yes 

No 

Bare CRES 

LH2 

He/Cold 

-380 

-350 

Double Above^^) 

LH 2 Sump Aft of Bulkhead 

Yes 

No 

White Painted F.G. Wrapped 
Foam 

LH 2 

GN2/70‘*F 

-- 

+20 

Meas. Failed 

LH^ Feed Line 

Yes 

No 

Tedlar /Mylar Shield Over Foam- 
He Purged Pre -Launch 

LH2 

GN2/55'F 

+45 

+55 

1 . 6 to 2.7 Btu/hr-ft^ 

LO 2 Tank Periphery 

Yes 

No 

Bare CRES 

LO 2 

GN2/0°F 

-205 

-55 

1.E5 Btu/hr-ft^ 

LO 2 Sump 

Yes 

No 

Aluminized Mylar Over Foam 

LO 2 

GN2/65°F 

-10 

+50 

(3) 

LO 2 Feed Line 

Yes 

No 

Tedlar /Mylar Shield Over Foam 

LO 2 

GN2/60°F 

... 

+40 

1.4to4. OBtu/hr-ft^ 

Membrane Under Hard Shield 

None 

. Random 

Bare CRES 

LO 2 

GN 2 /C 00 I 


+30 

2.7 Btu/hr-ft^ 

Mechanical /Electronic Equip 

Yes 

No 

Bare & Painted Metal /Plastics 

Compo- 

nent 

GN2/S0-F 

Ambient 

j 

<1.0 Btu/hr-ft^ (3) 

Mechanical Equipment 

Yes 

No 

Aluminized Mylar Over Foam 
on Lines 

H 2 O 2 

GN2/65'F 

Ambient 

! 

<1. 0 Btu/hr-ft^ 


(1) Helium gas dew point is <-63.5®F- 

Nitrogen gas dew point entering ISA is < -20 “F. 

{2) Taken from TC-1 since no measurement on TC-2, 

(3) Resolution of low heat flux is poor. 

(4) Indicated heat flux through shielding compares to maximum 125 Btu/hr-ft^ solar flux absorbed on outer shield. 




HYDROBEN TANK SUMP RADlATfON SR/ELD 
TEMPERATURE PPOEILE 

STA ZZ^T 30^ • ~ 
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THERMAL AND HEAT TRANSFER 

PHELAimCH THERMAL CTONTROL BY GAS COI!iiBiriONING AND PURGRTG 
FRELABHCH TANK HEATING 

A^ENT THERMAL ENYIRONMENT AND RESPONSE 

SPACE AND VEHICLE INDUCED ENVIRONMENT 

POH^ARD BULKHEAD MULTILAYER INSULATION 
-» THERMAL RESPONSE AND PERK3HMANCE 

THREE-LAYER SHIELDING 

— THERMAL RESPONSE AI^ID PSEEORMANCE 

TITANIUM STUB ADAFTER AND GROUND PLANE/SHIELD 
— THERMAL RESPONSE AND PERFORMANCE 

WIRING MODULE STRUCTURE/TYPICAL PENETRATION 
— THERMAL RESPONSE AND PERFORMANCE 

LH2 TANK FLIGHT HEAT RATES 
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TEMPERA TURE 


TC-2 STUB ADAPTER TEMPERATURES 
COMPARED TO MAXIMUM AMD MINIMUM 
m ATI NS WET WALL PREDICTIONS 


I — CHANPE IN SCALE 
TIME W MINUTES FROM UF TOFF 












TABLE 7-(V. SPACE HEATING OF STUB ADAPTER 

SHIELD AT 1800 (CA972T). 


CiBNBRAL DYNAMI 

C otnmir Di^ 


TIME 

HR:MIN 

TEMP 

“R 

^LAR 

^RE-RAD 

2:05 

257 

0 

-6.3 

2:06 

275 

91.1 

-8.3 

2:07 

315 

91.1 

-14.3 

2:09 

355 

91.1 

-23.1 

2:12 

395 

91.1 

-35.4 

2:16 

435 

91.1 

-52.0 

2:23 

475 

91.1 

-74.0 

2:30 

495 

91.1 

-87.3 

2:32 

495 

0 

-87.3 

2:33 

475 

0 

-74.0 

2:37 

435 

0 

-52.0 

2:42 

395 

0 

-35.4 

2:50 

395 

0 

-23.1 

3:02 

320 

0 

-15.2 


BTU/HR-FT^ 

^ADAPTER ^NET 

-0.1 -6.4 

-0.2 82.6 

-0.5 76.3 

-0.9 67.1 

-1.4 54.3 

-2.1 37.3 

-3.0 14.1 

-3.6 0.2 

-3.6 -90.9 

-3.0 -77.0 

-2.1 -54.1 

-1.4 -36.8 

-0.9 -24.0 

-0.5 -15.7 


'CALORIMETRIC 

-1.5 

93.2 

49.0 
40.9 

40.0 
32.4 

15.0 
0 

-71.3 

-55.3 

-28.8 

- 20.0 

- 11.8 

-5.8 


THERMAL MANEUVER AVERAGE RATE 
(SHCELD-TO -ADAPTER) 


-23.3 

14 


= -1.66 BTU/HR-Ft2 


HjeAT IZATE ) BTU/HR, 


4 



TIME FROM 1-1 FT- OFF 
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THERMAL AND HEAT TRANSFER 

PRELAUNCH THERMAL CONTROL BY GAS CONDITIONING AND PURGING 
PRELAUNCH TANK HEATING 

ASCENT THERMAL ENVIRONMENT AND RESPONSE 

SPACE AND VEHICLE INDUCED ENVIRONMENT 

FORWARD BULKHEAD MULTILAYER INSULATION 
— THERMAL RESPONSE AND PERFORMANCE 

THREE -LAYER SHIELDING 

— THERMAL RESPONSE AND PERFORMANCE 

TITANIUM STUB ADAPTER AND GROUND PLANE/SHIELD 
— THERMAL RESPONSE AND PERFORMANCE 

WIRING MODULE STRUCTURE/TYPICAL PENETRATK)N 
— THERMAL RESPONSE AND PERFORMANCE 

LH2 tank FLIGHT HEAT RATES 
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ORIGINAL PAGE IS 
POOR QUALITY 
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TUNAJEL MODUUe TEMPE^^ATUl^S 



r/A#£ tN Mthiure^ pJ^oM uipt^off 



gHNgWAL DYftAMiCSS 
CoHv^^r DMtien 


THERMAL AMD HEAT TRANSFER 


PRELAUNCH THERMAL CONTROL BY GAS CONDITIONING AND PURGING 
PRELAUNCH TANK HEATING 

ASCENT THERMAL ENVIRONMENT AND RESPONSE 

SPACE AND VEHICLE INDUCED ENVIRONMENT 

FORWARD BULKHEAD MULTILAYER INSULATION 
— THERMAL RESPONSE AND PERFORMANCE 

THREE-LAYER SHIELDING 

— THERMAL RESPONSE AND PERFORMANCE 

TITANIUM STUB ADAPTER AND GROUND PLANE/SHIELD 
— THERMAL RESPONSE AND PERFORMANCE 

WIRING MODULE STRUCTURE/TYPICAL PENETRATION 
— THERMAL RESPONSE AND PERFORMANCE 


LH2 TANK FLIGHT HEAT RATES 
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Cemair DMmen 


TABLE 7-X. SUMMARY OF LH ? TANK AVERAGE HEAT 

RATES DURING COASTS(Btu/HR). 


CONTRIBUTING AREA 

COAST 

FIRST 

584-1900 SEC 

SECOND 
2173-5773 SEC 

THIRD 

5784-16584 SEC 

FORWARD BULKHEAD AFT TO S/A MIDFRAME 

115 

50 

80 

CREVICE FORWARD TO S/A MIDFRAME 

150 

110 

75 

STim ADAPTER (S/A)/RING 

600 

285 

245 

SIDE WALL SHIELDING 

80 

125 

330 

WIRING TUNNEL MODULE 

36 

29 

43 

REQRCULATION LINE 

110 

80 

40 

SUMP FWD OF BULKHEAD 

5 

5 

4 

SUMP/BLKHD ATTACHMENT 

13 

15 

10 

SUMP AFT OF BULKHEAD 

61 

48 

47 

LHg BOOST PUMP 

50 

67 

57 

FEED LINES 

176 

82 

40 

MAIN VALVES 

12 

12 

15 

DESTRUCTOR 

75 

62 

32 

H 2 VENT VALVES 

30 

70 

120 

H 2 VENT DUCTS 

8 

8 

10 

LH 2 PRESSURE SENSE LINES 

3 

5 

6 

FWD DOOR HARNESSES 

7 

11 

8 

HELIUM DIFFUSER 

110 

65 

28 

LH 2 FILL AND DRAIN PORT 

19 

9 

18 

SEAL PLATE SUPPORT STRUTS 

60 

36 

29 

TOTAL LH 2 TANK INPUT LESS INT. BLKHD 

1720 

1174 

1237 
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ClBNWtAl, 


THERMAL AND HEAT TRANSFCR 


1 ^ • LO2 tank shield insulation kit 

— THERMAL RESPONSE AND LO2 TANK FLIGHT HEAT RATES 

• INTERMEDIATE BULKHEAD PERFORMANCE FROM PROPELLANT ENERGY BALANCES 

• TANK VENT SYSTEMS 

~ THERMAL RESPONSE 

• ELECTRONIC EQUIPMENT 

— THERMAL RESPONSE AND PERFORMANCE 

• HYDRAULIC SYSTTEM 

— THERMAL RESPONSE AND PERFORM.ANCE 

• H2O2 SYSTEM 

— THERMAL RESPONSE AND PERFORMANCE 

• H2O2 SYSTEM EXHAUST IMPINGEMENT HEATING ENVIRONMENT 

• MAIN PROPULSION SYSTEM 

— THERMAL RESPONSE AND PERFORMANCE 

• THERMAL CONTROL SUMMARY 
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rmPERATURE 


LOX TANK PERIPHERAL RADtATWN 3H/ELD 
TEMPERATURE PROFILE 

SmribN ZZ3Q ® B70* 


FmwG m ISA 


[ST BURN 


“i h 



2ND BURN 


LIQUID LEV^LQftOrs. 

BELOW 3TATWA/ ZZ36 | -^3R0 BURN 


QA30JTS7M^ 

OtfTEESmdtp 


CASOffT JFS223C 


^TH BP £XP'n(T. 


LOK TANK AFT 
BULKfi£AO 


W~ CHANGE SCALE 

T/ME FROM LAUh/CH -- m/V(/TES 







SUMP RAQiATION 3H/ELD 
TEMPERATURE PROFILE 
:iTJitiON am ^ 


SEPAmrm 




13T BURN 





ZND B URN 


:jRb BURN 



CA307TJTAm3 

OUT^fTSf^^ 


4TH BURN 


CA308T JTAZ193^ 
lNN£n 6N{EL0\ 

'-<r-BP £Xf*WtY 


CHANGE SCALE 

TIME FROM LAUNCH MiA/UTES 


LtlW] 





0 



H eicrii ATE 71 oo a 






TABLE 7-XI. 


aKNBWAL DYNAMtOB 

SUMMARY OF LO? TANK AVERAGE HEATING 
RATES DURING COASTS (Btu/HR). 


CONTRIBUTING AREA 

COAST 

FIRST 

584-1900 SEC 

SECOND 
2173-5773 SEC 

THIRD 

5784-16584 SEC 

CYLINDRICAL SECTION 2.75" HIGH 

9 

6 

11 

2240 RING 

961 

428 

203 

WIRING TUNNEL AFT BULKHEAD 

61 

35 

15 

3" HIGH BARE PERIPHERAL AREA 

440 

363 

310 

6" HIGH 3-SHIELD INSULATED AREA 

24 

17 

20 

FIXED/LEAKAGE SHIELDS OUTSIDE THRUST 




BARREL (BASIC) 

232 

473 

231 

BASE GAS BACK-FLOW DEGRADATION 

157 

62 

9 

EQUIP. CONDUCTION OUTSIDE THRUST BARREL 

1231 

1162 

835 

TOTAL OUTSIDE THRUST BARREL 

3115 

2546 

1634 

FIXED/LEAKAGE SHIELDS INSIDE THRUST 




BARREL (BASIC) 

29 

60 

29 

BASE GAS BACK-FLOW DEGRADATION 

19 

8 

1 

EQUIP. CONDUCTION BETWEEN SUMP & THRUST BARREL 

254 

260 

206 

TOTAL BETWEEN SUMP & THRUST BARREL 

302 

328 

236 

SUMP W/3-LAYER SHIELD BOOT 

116 

64 

40 

EQUIP. CONDUCJnON TO SUMP 

98 

73 

34 

BOOST PUMP CONDUCTION TO SUMP 

103 

150 

120 

TOTAL SUMP 

317 

287 

194 

FEED LINES AND LO 2 BLEED LINE 

94 

117 

77 

MAIN VALVES 

122 


62 

TOTAL UNES & VALVES 

216 I 

176 

139 

TOTAL LO 2 TANK INPUT 

3950 

3337 

2203 

(INT. BULKHEAD EFFECT NOT INCLUDED) 
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THERMAL AND HEAT TRANSFER 


LO2 TANK SHIELD INSULATION KIT 

— THERMAL RESPONSE AND LO2 TANK FLIGHT HEAT RATES 

INTERMEDIATE BULKHEAD PERFORMANCE FROM PROPELLANT ENERGY BALANCES 

TANK VENT SYSTEMS 

— THERMAL RESPONSE 

ELECTRONIC EQUIPMENT 

— THERMAL RESPONSE AND PERFORMANCE 

HYDRAULIC SYSTEM 

— THERMAL RESPONSE AND PERFORMANCE 
H2O2 SYSTEM 

— THERMAL RESPONSE AND PERFORMANCE 

H2O2 SYSTEM EXHAUST IMPINGEMENT HEATING ENVIRONMENT 

MAIN PROPULSION SYSTEM 

— THERMAL RESPONSE AND PERFORMANCE 

THERMAL CONTROL SUMMARY 
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GEMSSF2AL, PYWAMICS 
ConvBir Division 


PROPELLANT HEATING AGREES WITH PREP ICTiONS"^ 



PRELAUNCH 

1ST COAST 

2ND COAST 1 

3RD COAST 


MAX 

NOM 

MIN 

MAX 

NOM 

MIN 

MAX 

NOM 

MIN 

MAX 

NOM 

MIN 

LH« TANK 

■■ 


■■Hill 




■ 






PREDICTED 













EXTERNAL 




2700 

1570 

833 

2085 

1404 

717 

1671 

1174 

737 

ENT. BLKHD 




1541 

1233 

924 

1045 

710 

605 

1045 

710 

605 

TOTAL 

132,020 

120,445 

100,844 

4fMl 

2803 

1757 

3130 

2114 

1322 

2716 

1884 

1342 

MEASURED 

TOTAL 


126,450 

BY BOILOFF 


2953 



2270 



2270 


LO? TANK 













PREDICTED 













EXTERNAL 




5098 

3424 

2497 

2972 

1987 

1479 

2689 

1970 

1252 

INT. BLKHD, 




924 

1233 

1542 

605 

710 

1045 

605 

710 

1045 

NET 

49, 400 

43,346 

36, 785 

4174 

2191 

955 

2367 

1277 

434 

2084 

1260 

207 

MEASURED 

NET 


48,300 
44, 370 

BY BOILOFF 
BY ISA 
ENERGY 
BAL. 


2717 



2403 



1077 



^PREDICTIONS FROM 965-4/HT72/025 WTTH 22-MINtJTE FIRST COAST INTERPOLATEp 
BETWEEN 12- AND 30-MINUTE COAST PREDICTIONS 
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a«N«RAL DYNAMIOi 

Convair OMtnn 


TABLE 7-Xll. INDICATED INTERMEDIATE BULKHEAD HEAT 


TRANSFER RATE DURING 

SPACE 

OPERATIONS 

(Btu/HR). 

1 COAST 


FIRST 

SECOND 

THIRD 

LHg TANK 




TOTAL HEAT INPUT FROM Hg ENERGY 
AND MASS BALANCE 


2270 

2270 

SUMMATION OF EXTERNAL HEAT INPUTS 

1720 

1174 

1237 

INDICATED INTERMEDIATE BULKHEAD HEAT RATE 


1096 

933 

LO 2 TANK 




NET HEAT INPUT FROM O 2 ENERGY 
AND MASS BALANCE 


2403 

1077 

SUMMATION OF EXTERNAL HEAT INPUTS 

3950 

3337 

2203 

INDICATED INTERMEDIATE BULKHEAD HEAT RATE 


-934 

-1126 

INTERMEDIATE BULKHEAD HEAT RATE RANGE 


1015 ± 81 

1030 ±97 

PREDICTED RANGE FOR LH 2 WET JOINT CREVICE 


1233 ±309 

1233 ±309 

PREDICTED RANGE FOR LH 2 DRY JOINT CREVICE 


710 ^ 
-105 
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agWgWAI. PYWAMtCg 
Cm»ir OMaian 


THERMAL AND HEAT TRANSFER 


LO2 tank shield insulation kit 

— THERMAL RESPONSE AND LO2 TANK FLIGHT HEAT RATES 

INTERMEDIATE BULKHEAD PERFORMANCE FROM PROPELLANT ENERGY BALANCES 

TANIC VENT SYSTEMS 

— THERMAL RESPONSE 

ELECTRONIC EQUIPMENT 

— THERMAL RESPONSE AND PERFORMANCE 

HYDRAULIC SYSTEM 

— THERMAL RESPONSE AND PERFORMANCE 
H2O2 SYSTEM 

— THERMAL RESPONSE AND PERFORMANCE 

H2O2 SYSTEM EXHAUST IMPINGEMENT HEATING ENVIRONMENT 

MAIN PROPULSION SYSTEM 

THERMAL RESPONSE AND PERFORMANCE 


THERMAL CONTROL SUMMARY 





OSH TC-2. CF45T N02StE mLej M2 <55® 

NoesLe 9e9-3-7o-2flr 


MAX N£!'%£i»e PLATE 


h 


SUM ON P/2O0£ S0S3T 


SUM OM M02Z.LE 





ycHiCLE ACCZLCJiAyON $ L0-,_ TAK>K ULLA6E RZE&SORC 


CP IP LO i tank. UI-LA^VE PCjE«*‘^Orde= 


TIME »n MfMure,*^ raOM ui^T-off 


CMIOtA AXIAL ACCClCVATION 




IBI 




jbiiihiihiiK 


00 * 00 >oa 00 - 01-00 00-0^•00 OO-OS-CO OO-OA-OO OC-03-00 00-C»-00 00-07-00 oo-ot-oo oo-ot-oo 

TMC-IW MlMUTEf* F aotA UTT-OPP 





LHa VE^NT TEMpgRATugJEjS 





LO2. Veht VAL.yg TsMpeitA-nJiz e s 


WAKIMUM PE.ei>JCT»ON£. j <?03-S -70 '73, V/SX uJAtU , CONTIHUOOS LOCK’OP 

CF30T TC *2 LO 3 . VEMT VL\/ ^OLSHOfO CA&S 



MC5-3 



SOS^ENOID case 


VBNT Mes 4 



'tank OiSCHAKQE fLANQE 

BuOuBbMN 


I 


0NU3OC VBUT YALVe& 



GgMKRAL OYMAMtCM 
Cofnnsir Dfvirion 


THERMAL AND HEAT TRANSFER 


m LO2 TANK SHIELD INSULATION KIT 

— THERMAL RESPONSE AND LO2 TANK FLIGHT HEAT RATES 

@ INTERMEDIATE BULKHEAD PERFORMANCE FROM PROPELLANT ENERGY BALANCES 

9 TANK VENT SYSTEMS 

— THERMAL RESPONSE 

« ELECTRONIC EQUIPMENT 

— THERMAL RESPONSE AND PERFORMANCE 

» HYDRAULIC SYSTEM 

— THERMAL RESPONSE AND PERFORMANCE 

• ^2^2 SYSTEM 

— THERMAL RESPONSE AND PERFORMANCE 
» H2O2 SYSTEM EXHAUST IMPINGEMENT HEATING ENVIRONMENT 

• MAIN PROPULSION SYSTEM 

— THERMAL RESPONSE AND PERFORMANCE 

• THERMAL CONTROL SUMMARY 
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n 

'1 

3 

J 

-'.1 


EQUI PMENT MODULE COMPARTMENT TEMPERATURE LOCATIONS 

■^l . > i.,pp, — I ..I I I ■ C0nv0trAofO3pjBco Divsitotf 


SHROUD 
SEAL 

GAS CONDITIONING DUCT 
P/L ADAPTER. CA901T 

MAIN BATTERY 1, 
CET108T 

SIG. COND NO. 1, 

CT56T 


0/3 GO” 


:«f 

§ 


•EQUIP, MOD. 
IKSTIl. , CT75T 
EQUIP, MOD. 


SKIN, CA904T . 
MUX 1, CTSaT 



TC-2 SOLAR DIRECTION 
6n alternate TiSERMAL 

maneuver rolls’ 


S-BAND 3CMTR. 
CT61T 


S-BAND XMITTEU,. 
CT62T 

SEU, CI310T 

mu, CI3Q0T 

mu OTBD MOUNT,. 
CA905T 


II \ \\» -JMr I I II 

W \ \\^\ IL 

^ V 


T 


TC-2 SOLAR DIRECTION 
ON ALTERNATE 
THERMAL MANEUVER 
ROLLS 




-DCU, CK30T 

SEQ CONT, 
UNIT^ GC202T 

.SHROUD RAD. 
SHLD, CA191T 

EQUIP. MOD. 
SKIN, CA903T 

MAIN BATTERY 
3, CETllOT 
IRGU, CM47T 


C-BAND 

•XPONDER, 

CBIT 

MAIN BATTERY. 
2, CET109T 

.RSC BATTERY 
2, CET57T 

.RSC BATTERY 
1, CET5GT 


.EQUIP. MOD. 
SIGN, CA914T 


1 8{)“- 
VI-82 


FIGURE 


o o 
S S3 

i 


AFT BULKHEAD EQUIPMENT TEMPERATURE LOCATIONS 


TC-2 SOLAR DIRECTION 
ON ALTERNATE ROLLS 


0"/360' 



/ 


THRUST SECTION^i^^ 
MUXl CT 59T ' 

f 


/ 


270' 


/ 

\ 


\ 


C-2 INSTR BOX 
CT 77T ■ ^ 


\ 


aft pneu panel 

PLATE CF133T 



SIG CONDITIOl^R 
NO, 2 CT 57T 

\ 


\ 


\ 


k- 


90' 

/ 




AFT BLKHD INSTR 
BOX CT 76T 


/ 


/ 


AFT PNEU PANEL 
NO. 2 CF 134T 

X 


\ 


180' 


TC-2 SOLAR DIRECTION 
• ON ALTERNATE ROLLS 
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COMPONENT TEMPERATURES 



V ■■■■ 


1 

TEMPERATURE (“F) 


MEAS. 


LIFTOFF 

CSS JETTISON 

740 SE( 

;:oNDs^ 

NO. 

DESCRIPTION 

TC-1 


TC-1 

TC-2 

TC-1 

TC-2 

CBIT 

C-BAND TRANSPONDER 

66 

70 

65 

73 

72 

75 

CC202T 

SCU HOUSINa WEB 

64 

72 

63 

72 

63 

72 

CE56T 

RSC BATT 1 INTERNAL 

83 

108 

79 

98 

77 

94 

CE57T 

RSC BATT 2 INTERNAL 

97 

57 

89 

79 

86 

77 

CE108T 

MAIN BATT 1 INTERNAL 

95 

87 

96 

89 

97 

90 

CE109T 

MAIN BATT 2 INTERNAL 

81 

91 

82 

91 

82 

92 

CEllOT 

MAIN BATT 3 INTERNAL 

92 

78 

93 

82 

95 

86 

CS811T 

SrU SKIN 

65 

74 

65 

75 

69 

77 

CI300T 

DtU SKm INTERNAL 

80 

82 

81 

84 

85 

86 

cmcT 1 

SEU INTERNAL 

65 

72 

63 

73 

65 

74 

CK30T 

DCU SKIN 

77 

87 

81 

91 

87 

94 

CM47T 

IRGU GYRO BLOCK 

77 

87 

77 

89 

80 

93 

CT56T 

SIG, CONDiriONER NO, 1 

62 

70 

61 

70 

60 

69 

CT57T 

SIG. CONDITIONER NO. 2 

82 

81 

81 

80 

81 

80 

CT58T 

EQUIPMENT MODULE MUX 1 

63 

72 

61 

70 

61 

69 

CT59T 

THRUST SECTION MUX 2 

76 

71 

74 1 

69 

75 

68 

CT61T 

S-BAND XMTR INTERNAL - PCM 

71 

87 

79 1 

98 

92 

108 

CT62T 

S-BAND XMTR INTERNAL - FM 

72 

82 

75 

88 

83 

94 

CT75T 

EQUIP MODULE INSTR. BOX 

67 

73 

64 

72 

64 

72 

CT76T 

AFT BULKHEAD INSTR. BOX 

71 

75 

70 

72 

69 

71 

CT77T 

C-2 INSTR. BOX 

73 

69 

70 

i 1 

68 

! 

69 

63 


*TIME SELECTED TO ALLOW DIRECT COMPARISON TO TC-1 
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COM PON ENT TEMPERATURES 


MEAS. 

NO. 

DESCRIPTION 

CBIT 

C-BAND TRANSPONDER 

CC202T 

SCU HOUSING WEB 

GE56T 

RSC BATT 1 INTERNAL 

CE57T 

RSC BATT 2 INTERNAL 

CE108T 

MAIN BATT 1 INTERNAL 

CE109T 

MAIN BATT 2 INTERNAL 

CEllOT 

MAIN BATT 3 INTERNAL 

CS811T 

SIU SKIN 

CI300T 

IRU SKIN INTERNAL 

CI316T 

SEU INTERNAL • 

CK30T 

DCU SKIN 

CM47T 

IRGU GYRO BLOCK 

CT56T 

SIG. CONDITIONER NO. 1 

CT57T 

SIG. CONDITIONER NO. 2 

CT58T 

EQUIPMENT MODULE MUX 1 

CT59T 

THRUST SECTION MUX 2 

CT61T 

S-BAND XMTR INTERNAL - PCM 

CT62T 

S-BAND XMTR INTERNAL - FM 

CT75T 

EQUIP MODULE INSTR BOX 

CT76T 

AFT BULKHEAD INSTR BOX 

CT77T 

C2 INSTR BOX 


Vl-85 


TEMPERATURE fF) 

START COAST 

END COAST 

+80 

+81 

+72 

+86 

+80 

+67 

+66 

+47 

+96 

+108 

+92 

+96 

+93 

+106 

+84 

+101 

+85 

+87 

+76 

+•82 

+104 

+127 

+100 

+115 

+68 

+69 

+77 

+98 

+67 

+61 

+67 

+84 

+124 

+148 

+103 

+114 

+71 

+72 

+70 

+75 

+54 

+45 









MEAS 

NO. 


DESCRIPTION 


CBJT 

CC202T 

CE56T 

CE57T 

CE108T 

CE109T 

CEllOT 

CS811T 

CI300T 

CI316T 

CK30T 

CM47T 

CT56T 

CT57T 

CT58T 

CT59T 

CT61T 

CT62T 

CT75T 

CT76T 

CT77T 


C-BAND TRANSPONDER 
SCU HOUSING WEB 
RSC BATT 1 INTERNAL 
RSC BATT 2 INTERNAL 
MAIN BATT 1 INTERNAL 
MAIN BATT 2 INTERNAL 
MAIN BATT 3 INTERNAL 
SIU SKIN 

IRU SKIN INTERNAL 
SEU INTERNAL 
DCU SKIN 
IRGU GYRO BLOCK 
SIG. CONDITIONER NO. 1 
SIG. CONDITIONER NO. 2 
EQUIPMENT MODULE MUX 1 
THRUST SECTION MUX 2 
S-BAND XMTR INTERNAL - PCM 
S-BAND XMTR INTERNAL - FM 
EQUIP MODULE INSTR BOX 
AFT BULKHEAD INSTR BOX 
C2 INSTR BOX 


TEMPERATURE (°F) 

1 START 1ST 

START 2ND 

START 3RD 

ROLL 

ROLL 

ROLL 

85 

85 

89 

102 

98 

110 

42 

50 

44 

34 

37 

30 

113 

117 

121 

99 

101 

105 

111 

117 

121 

114 

112 

125 

81 

87 

86 

77 

90 

89 

139 

136 

147 

131 

125 

136 

72 

68 

72 

105 

98 

99 

53 

59 

53 

95 

82 

86 

166 

148 

167 

109 

133 

124 

70 

68 

67 

70 

69 

69 

43 

40 

36 







ORIGINAL PAGE IS 
OF POOR QUALITY 


cafTAUH coMii.r«Tjf rm mL cct^trol 

AS INDICATED BY TC-2 DATA 


TC-2 TEMP range! 

0 100 


MEAT.. 

RO. 

TC-2 COKPONEKT 

ANALYSIS 

DOCUMENT 

PRED. 

RANGE 

QUAL 

RANGE 


CUIT 

C-bAND Xi\;NDER 

96a- 3-70- 39 

-ui to m 

^5 to 160 

69. 5 to loa 

CC202T 

SCU HOUSING WEB 

988 - 3 - 70-85 

-58 to U5 

-76 to lUo 

70 to 132 

CET56T 

RSC BATTERY 1 INTERNAL 

988 - 3 - 70-107 

-70 to 128 

n/a 

1*2 to 107 

CET57T 

DSC BATTERY 2 IKTERIIAI. 

988 - 3 - 70-107 

-70 to 128 

N/A 

30 to 8U 

cmoBr 

MAIN BATTERY 1 INTERNAL 

965-<*/m7l*/053 

56 to 175 

1»0 to 200 

06 to 135 

CET109T 

MAIN BATTERY 2 INTERNAL 

965-U/BT7U/053 

62 to 152 

UO to 200 

91 to 119 

CETllOT 

MAIN BATTERY 3 IHTERnAl. 

965->*/HT7U/053 

58 to 175 

UO to 200 

77 to lUo 

CI300T 

IRU SKin UITERHAL 

HONEYWEIL 


UO to 130 

82 to 100 

C 1316 T 

SEU INTERNAL 

HONEYWELL 


Ml to 130 

72 to U3 

CK3OT 

DCU SKIN 

Tclodyne Item .15 

-lU to 203 

• 9 to 17 b 

85 to 162 

CM*i7T 

IRGU GYRO BLOCK 

966 - 3 /R 71/005 

- 6 to 139 

•12 to 1 U 2 

88 to 153 

CG811T 

SIU SKIN 

908-3-72-16 

-51 to 15»* 

-69 to 172 

7 I* to IU 7 

CT 56 T 

SIGNAL COTO)ITIO:(ER NO. 1 

988 - 3 - 70-70 

-Lo to <172 

-76 to 176 

68 to 6 5 

CT50T 

RMU 1 (EQ, MODULE) 

Teledyne Item 15 

lU to 150 


53 to 71 

CT61T 

S-BAND XKTR INTERNAL (PCM) 

965-l»/Kn3/017 

- 1 to 169 

•22 to 17c. 

66 to 172 

CT62T 

S-BAND XKTR UTTERNAL (FH) 

988 - 3 - 7 O-II 1 

- 7 to 155 

-22 to 176 

82 to 159 

CT75T 

INSTB. BOX (EQ MODULE) 

965-VKT72/053 

21 to 130 

-65 to 165 

66 to 73 

CA905T 

IRU OUTBOARD MOUNT 

968 - 3 - 71-19 

-12 to 182 

N/A 

64 to 161 

cn33T 

AFT PHEU. PANEL PLATE 

988 - 3 - 71-02 

-50 to IU 7 

b/a 

-36 to 60 

CF13**T 

aft FNEU PANEL NO. 2 

965-*»/HT7**/01** 

-80 to 170 

N/A 

-26 to 60 

CT5TT 

j SIGNAL COI**DITIOr.*EB NO. 2 

988 - 3 - 70-70 

-32 to 172 

-76 to 176 

77 to 105 

CT59T 

j RMU a (THRUST SECTIOi:) 

Teledyne Item 15 

lU to 150 


64 to 95 

CT76T 

IWSTR BOX (AFT BULKHEAD) 

965-J*/KT72/053 

21 to IjO 

-65 to 165 

65 to 75 

CT77T 

j C-2 ©JGINE INSTR BOX 

988-3-70-73 

-15 to 95 

-65 to 165 

11 to 69 


-100 


200 



liCtJ - SLf(*JENCE CONTROL UNIT 

RLC - it/jrrc: safety control 

IRU - TNERTATL REFEROfCE »JNIT 
SEU - SYCTEHS ELECTRONICS IHIT 
PCU - DIOITAL COMPUTER UNIT 
IRHIl - TNSTRUT-infrATION RATF. GYRO UNIT 
rUI - r.EhVu IWVTRTER UT»*IT 
UMU- KEMOTE MULT1PI.EXEU 


VI-87 


1. UNSHADED AREA REPRESENTS QUALIFICATION KAK:E» 
EXCEPT WHERE NOTED. SHADED AREA IS TC-2 
MEASURED RANGE. 

2. 6CU PRSilCTED TEMP IS SKIN TEMP. 

3. OUr-OF-PAND TEMP RETPONSE IS IN STUDY 


U. 


PIUDICTH) A gifAL TEMPfl ASSUMK TlUiKNAL 
MANEUVtiH COm/TTTONr. 








FIGURE 9-4. S-BAND TRANSMITTER MOUNTING SURFACE 
MAX. TEMP. CASE WITH DIODE PACKAGE RADIATOR 





VI-H9 



























~7?A^e^ ^^?//l/0 Ta/t^za//^ . 
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VI -I 


ggRtgWAt. PYitfAMffig 


THERMAL AND HEAT TRANSFER 


• LOg TANK SHIELD INSULATION KIT 

— THERMAL RESIPONSE AND LOg TANK FLIGHT HEAT RATES 

9 IM'ERMEDKATE BULKHEAD PERFORMANCE FROM PROPELLANT ENERGY BALANCES 

• TANK VENT SYSTEMS 

— THERMAL RESPONSE 

m ELECTRONIC EQUIPMENT 

— THERMAL RESPONSE AND PERFORMANCE 

^ • HYDRAULIC SYSTEM 

— THERMAL RESPONSE AND PERFORMANCE 

9 HgOg SYSTEM 

— THERMAL RESPONSE AND PERFORMANCE 

o H 2 O 2 SYSTEM EXHAUST IMPINGEMENT HEATING ENVIRONMENT 

e MAIN PROPULSION SYSTEM 

— THERMAL RESPONSE AND PERFORMANCE 

® THERMAL CONTROL SUMMARY 
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’TTTV^Vrr 


rr 






I 



I 


si TABLE IQ-L 
§1 
l> 

as 


aWNBRAL D VWAMiC» 

CoiT^r Dnmon 

HYDRAULIC SYSTEM FLIGHT TEMPERATURES. 


MEAS. 

NO. 

COMPONENT 




FUGHT TEMPERATURE, 

•F 




PREDICTED 

liFT- 

OFF 

OSEC 

SHROUD 
JETT. 
319 S 

MESl 
483 S 

ME 001 
+166 
750 S 

MESl 
1900 S 

ME002 
2173 S 

MESl 
5773 S 

MEC03 
5784 S 

MES4 
165f>4 S 

ME 004 
+368 
17006 S 

END 
18242 S 

TEMP. 
AT MES -4 

MAX 

^^N. 

CH2T 

C-l HYD PWR PACK* 

56 

56 

56 

80 

79 

138 

120 

120 

73 

88 

80 

75 

57 

CH5T 

C-1 HYD MANIFOLD 

64 

60 

60 

88 

71 

168 

92 

115 

100 

102** 

48 


35 

ai9T 

C-l REanC MTR HSG 

56 

50 

56 

58 

72 

74 

115 

120 

70 

82 

100 

74 

56 

C1I33T 

C-l YAW ACCU BODY* 

80 

76 

75 

92 

85 

141 

114 

114 

70 

80 

66 



ai4T 

C-2 HYD PWR PACK* 

58 

58 

58 

78 

78 

132 

108 

108 

58 

69 

59 

66 


CHGT 

C-2 HYD MANIFOLD 

48 

47 

46 

104 

68 

158 

105 

114 

12 

00** 

18 


lot 

ailOT 

C-2 REQRC MTR HSO 

60 

52 

52 

80 

95 

88 

88 

100 

64 

80 

60 

65 

43 

ai36T 

C-2 PITCH ACCU BODY* 

72 

69 

70 

90 

84 

140 

115 

115 

64 

68 

58 




INDICATED MOUNT TEMPERATURES 


CP63T 

c-l THST CHM JACKET 

50 

43 

43 

-250 

-100 

-256 

-15 

-60 

20 

-150 

-215 

CP745T 

C-l ENG DELL S5000 TB 

60 

52 

60 

-325 

50 

-310 

245 

-40 

230 

-125 

150 

CP124T 

C-l ENG LOX PUMP 

-74 

-90 

-80 

-275 

-145 

-275 

-142 

-280 

-75 

-275 

-230 

CP98T 

C-2 THST CHM JACKET 

45 

40 

40 

-265 

-82 

-265 

-55 

-160 

-20 

-160 

-200 

CP746T 

C-2 ENG BELL S5000 TB 

62 

55 

60 

-320 

-40 

-300 

0 

-245 

160 

-160 

-120 

CP125T 

C-2 ENG LOX PUMP 

-55 

-80 

-82 

-260 

-100 

-260 

-150 

-260 

-74 

-265 

-205 


♦SHIELDED 

**MEC04 TEMPERATURES 

tASSUMED MINIMUM WITH BEaRCULATION SYSTEM HEAT DEMAND. MINIMUM PREDICTION WOULD TURN 


REQRC SYSTEM ON AT MECO -3 +5800 SEC (ACTUAL OCCURRED AT MEC03 +9626 SEC). 
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THERMAL AND HEAT TRANSFER 


• LO2 i*ank shield insulation kit 

— THERMAL RESPONSE AND LO2 TANK FLIGHT HEAT RATES 

• INTERMEDIATE BULKHEAD PERFORMANCE FROM PROPELLANT ENERGY BALANCES 

• TANK VENT SYETEMS 

— THERMAL RESPONSE 

• ELECTRONIC EQXnPMENT 

— THERMAL RESPONSE AND PERFORMANCE 

• HYDRAULIC SYSTEM 

— THERMAL RESPONSE AND PERFORMANCE 


^ • H2O2 SYSTEM 

— THERMAL RESPONSE AND PERFORMANCE 
• H2O2 SYSTEM EXHAUST IMPINGEMENT HEATING ENVIRONMENT 


1 • MAIN PROPULSION SYSTEM 

— THERMAL RESPONSE AND PERFORMANCE 

] • THERMAL CONTROL SUMMARY 


1 

mJf 

] 
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ORIGINAL PAGE IS 
OF POOR QUAUTYi 




,CPlbOT 


CP151T 


^ CP691T^^^© 
CP837T’■''^I^ 

REACTION 
CONTROL SYSTEM 
CP836T 

^4A \<^ 


CP833T 


H2O2 B/P 
FEED SYSTEM 


CP714T 

;P8343'^ 


P159T 


P158T 


CP831T 


H2O2 PNEUMAITC VALVE 


H 2O2 AND REACTION CONTROL SYSTEMS 




CP148T 


H2O2 VENT 
VALVE NO. 1 


H2O2 VENT 
VALVE NO. 2 

H2O2 OVBD 
VENT 


H2O2 PNEUMATIC 
PRESSURIZATION 
VALVE ( 3 -WAY) 


LH2 B/P 

CP361T 
P157T 


CP376T 


^CP375T 

CP149t 16C^^^^^^^^'^ CP156T 
M r^nLL PORT 


REACTION 

CONTROL 

BOTTLE 


REUEF 
VALVE 
(350 PSI) 


H2O2 B/P FEED 
VALVE NO. 2 — 


AIRBORNE 


GHe 


ORIFICE 


BOOST PUMP 
BOTTLE 


PNEUMATIC 

VENT 


CP 659T 


II2O2 B/P 
FEED 
VALVE 
NO. 1 


II2O2 SYSTEM PNEUMATIC PANEL 
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a»N«RAL DYNAMIOi 

TABLE 11-111. SUMMARY OF H 2 O? COMPONENT TEM- 

PERATURE RANGE BY CATEGORY (Op). 



LIFTOFF 

AT V 
COO] 

ENT 

LING 

AT 1ST 
FLOW 

1ST 

COAST 

2ND 

COAST 

3P 

COA 

tD 

lST 


MAX 

MIN. 

MAX 

MIN. 

MAX 

MIN. 

MAX 

MIN. 

MAX 

MIN. 

MAX 

MIN. 

BOTTLES 
(CP93, 659T) 

95 

90 

0 

0 

85 

82 

89 

84 

92 

87 

93 

85 

HEATED FULL LINES 
(CP150, 151, 152, 153, 
154, 155, 756, 831T) 

87 

70 

-8 

1 

-3 

101 

70 

127 

89 

160* 

64 

160 

63 

HEATED EMPTY LINES 
(CP157, 158, 159T) 

70 

68 

-27 

-4 

75 

66 

190 

87 

190 

70 

192 

65 

UNHEATED EMPTY LINES 
(CP361, 714, 833T) 

84 

66 

-43 

-17 

76 

65 

152 

97 

250 

107 

148 

75 

SHIELDED LINE 
(CP156, 832T) 

87 

73 

-nr 

0 

88 

69 

89 

85 

122 

87 

107 

54 

VALVES, ORIFICE BLOCKS 
(CP710, 711, 834T) 

78 

65 


-2 

78 

63 

113 

90 

182 

96 

155 

77 

ENGINE CHAMBERS 
(CP148, 149, 375, 376, 691, 
693, 836, 837T) 

78 

65 


-4 

80 

60 








*CP831T OSH @ 150® F ESTIMATE 160® F PEAK. 
■•■includes CP833T RESPONSE DURING VENTING. 
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TEMFC^ATUee ; 
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150 


TEMPER.ATURE 



















Pfi06ff2,B<aSit0hi OFT£MPE/ZArO/L£: ON UINB 
FROM C^UADIX TO TUJZSJAfE 


CPIS7T QUAD II BP LIWC 

CPe'iBT LH 2 BP INL-ET UIN£ 

CP3t»T B P. line at <mcet td oei FICE 


A 


A 

/ 1 


A 

/\ 


I t 

I \ 


/ 


/ -ir' 


\ ^ 


• '/"^ 

\ »/ 
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THERMAL AND HEAT TRANSFER 


q«N»WAU DVMAMtr g 

C m^a i r CMttotf 


• LO2 tank shield insulation kit 

— THERMAL RESPONSE AND LO2 TANK FLIGHT HEAT RATES 

• INTERMEDIATE BULKHEAD PERFORMANCE FROM PROPELLANT ENERGY BALANCES 

• TANK VENT SYSTEMS 

— THERMAL RESPONSE 

• ELECTRONIC EQUIPMENT 

— THERMAL RESPONSE AND PERFORMANCE 

• HYDRAULIC SYSTEM 

— THERMAL RESPONSE AND PERFORMANCE 

• H2O2 SYSTEM 

— THERMAL RESPONSE AND PERFORMANCE 

• H2O2 SYSTEM EXHAUST IMPINGEMENT HEATING ENVIRONMENT 

• MAIN PROPULSION SYSTEM 

— THERMAL RESPONSE AND PERFORMANCE 

• THERMAL CONTROL SUMMARY 
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TABLE 12 -IV. QUANTATIVE IMPINGEMENT FLUX 
ENVIRONMENT FROM S-ENGINES. 


aWNBRAL DYNAMIC* 

Convair Dnmon 


ME AS. 


IMPINGE- 

MENT 


IMPINGE- 


PLUME 

LOCATION 


DESCRIPTION 

SOURCE 

C-1 ENG BELL 

2-S-IV 

S518 OTB 

1-S-IV 

C-2 ENG BELL 

1-S-n IN ISA 

S518 OTB 

2 -s-n 


1 -S-n 

C-1 ENG BELL 

2-S-IV 

S500 OTB 

1-S-IV 

C-2 ENG BELL 

2 -s-n 

S500 OTB 

1-S-n 

C-1 ENG BELL 

1-S-n IN ISA 

S507 INB 

2 -s-n 


1-S-n 



-160 

> -30 

> -30 


> -60 


MEAS. 

FLUX 

MENT 

ANGLE 

NORMAL 

FLUX 

AXIAL 

LEN. 

RADIAL 

Btu/ 

HR-Ft2 

DEG 


IN. 

IN. 

410 

65 

970 

81 

21 

100 

65 

238 



59 

65 

141 



123 

65 

289 

81 

21 

935 

65 

2200 



83 

65 

196 



54 

65 

128 



800 

60 

1600 

58 

26 

107 

60 

213 



43 

60 

86 



1080 

60 

2160 

58 

26 

95 

60 

190 



36 

60 

72 



77 

50 

121 

66 

56 

685 

50 

1070 



129 

30 

200 



79 

50 

122 




-160 
> -60 
> -60 


*RATIO OF MEASURED NORMAL FLUX TO PREDICTED FLUX. 
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PREDICTION 


FLUX 



BLOCKAGE 


.236 HELIUM BTL 
.475 I 

.455 ▼ 


310 .930 

4100 .536 

500 .392 

310 .412 



.200 I HELIUM BTL 
.237 
.153 


26 1430 .750 

26 330 .605 









































OBNBRAL DYNAMIC 


TABLE 12-V. COMPARISON OF IMPINGEMENT HEATING ON 

WARM COMPONENTS DURING SPACE COAST. 


Convmr Ohmion 




IMPINGE- 

PLUl 

LOCA': 

VIE 

noN 

AVG RISE RATE 
OVER PROLONGED 
INTERVAL 


ME AS. 
NO. 

COMPONENT 

ME NT 
SOURCE 

LENGTH 

IN. 

RADIAL 

IN. 

1 ENG 
“F/MIN. 

2 ENG 
“F/MIN. 


CH9T 

C-1 RECTRC MTR HSG 

S-IV ENGINES 
(SUN) 

38 

22 

— 

0.4 

LITTLE IMPINGEMENT, RISE 
DUE TO SOLAR HEATING 

CHIOT 

C-2 REaRC MTR HSG 

S-n ENGINES 
(NO SUN) 

38 

22 

0.5 

1.5 

AGREES WITH 1.7 “F/MIN. 
TOTAL RISE RATE OF 988-3- 
71-90 (REF 34) FOR IMPINGE- 
MENT. 

CU240T 

C-1 SERVO POSITIONER 

S-IV ENGINES 
(SUN) 

30 

27 

0 

0 

IMPINGEMENT IS BLOCKED BY 
He BOTTLE. 

CU241T 

C-2 SERVOPOSmONER 

S-n ENGINES 
(NO SUN) 

30 

27 

0 

70“F 

EQUIL. 

TEMP. 

2.5 

AGREES WITH 2.4 “F/MIN. 
TOTAL RISE RATE OF 988-3- 
71-90 (REF 34) 

CF15T 

NO. 2 HEUUM BTL 
TEMP 

S-IV ENGINES 
(NO SUN) 

19 

13 

1.4 AVG 
COAl 

FOR 1ST 
ST* 

AGREES WITH AVERAGE 1.7 “F/ 
MIN. AT PROBE LOCATION 
DURING 1ST COAST FROM 965-4/ 
HT73/006 (REF 61). 


*SUBSEQUENT MAX TEMPERATURES (WITH EMPTY BOTTLE) OF 125“F DURING 2ND COAST IS DUE TO CON- 
DUCTION SOAKOUT FROM INSULATION AND HOT SPOT, ISO'F DURING 3RD COAST DUE TO CONDUCTION 
SOAKOUT OF ACCUMULATED SOLAR HEATING, 5.5 “F/MIN. MAX RISE DURING H 2 O 2 DEPLETION EXPERI- 
MENT DUE TO SOAKOUT OF ACCUMULATED SPACE HEATING AND 2-ENGINE IMPINGEMENT PLUS SUN, 
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THERMAL AND HEAT TRANSFER 


• LO2 tank shield insulation Krr 

— THERMAL RESPONSE AND LO2 TANK FUGHT HEAT RATES 

• INTERMEDIATE BULKHEAD PERFORMANCE FROM PROPELLANT ENERGY BALANCES 

• TANK VENT SYHTEMS 

— THERMAL RESPONSE 

• ELECTRONIC EQUIPMENT 

— THERMAL RESPONSE AND PERFORMANCE 

• HYDRAULIC SYSTEM 

— THERMAL RESPONSE AND PERFORMANCE 

• H2O2 SYSTEM 

— THERMAL RESPONSE AND PERFORMANCE 

• H2O2 SYSTEM EXHAUST IMPINGEMENT HEATING ENVIRONMENT 

^ • MAIN PROPULSION SYSTEM 

— THERMAL RESPONSE AND PERFORMANCE 

• THERMAL CONTROL SUMMARY 
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ggNCRAL DYNAMICS 

Coiwair Division 


TABLE 13-i. MAXIMUM ENGINE WEIGHTED TEMPERATURES 





C 

:-l ENGINE 


C 

-2 ENGINE 

PORTION OF CHAMBER 

WEIGHT 

LB 

T 

op 

Cp 
BTU/ 
LB “F 

MCp 

BTU/“F 

MCpT 

BTU 

T 

“F 

Cp 

BTU/ 

LB"F 

MCp 

BTU/“F 

MCpT 

BTU 

COMBUSTION CHAMBER/THROAT 
LH 2 INLET MANIFOLD 

58 

20 

0.105 

6.08 

121.8 

-20 

.101 

5.86 

117.2 

TRANSITION ZONE 

13 

120 

0.111 

1.44 

173.0 

50 

.107 

1.39 

69.5 

BELL 

31 

200 

0.114 

3.54 

708.0 

140 

.112 

3.47 

485.0 

TOTAL 

SMCpT 

WEIGHTED TEMP = 

102 

91 


11.06 

1002.8 

63 


10.72 

671.7 


MAXIMUM ALLOWABLE WEIGHTED AVERAGE TEMPERATURE = J.IO^F (STO^R) 
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CENTAUR ENGINE TEMPERATURES 
RPT 988-3-71-90 PREDICTED AND TC-2 FUGHT DATA 
CONTINUOUS SETTLED COAST 


1— j . C-| EMGVMC_„rTrCrZ..FjLi<SHX D<^TA 

r:_ C-2. Engine ; TC-2. F*uiSHT D^TA . 

F?pT S3Ss3-7ir2o^^C/K5£ l't.M,/K%)n«M'PR6:o«cTcp 


r bj n e H o iis 1 ng.. ir<3.RP_!7-\. 


-jr-. 


?r- LO^..PuMP_Hous^^^<a ("6 ‘rp S) 





r'F'UEL.PuMP Hoosiws 


RL', GUT “HME 
VI-123. 
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SUMMARY COMPARISON OF PROPULSION SYSTEM TEMPERATURES (“R) 


TC-5 Mission - 
Item Description 


TC-2 Configuration 
Predictions 

Fuel Duct Weighted 
Oxidizer Duct Weig 

GrouD Node: 


1 st 1 1/2 Hr Backup 5 1/4 Hr 30 Min 20 Min 5 Min 2 Hr 

Settled Coast 0-G Orbit 0-G 0-G 0-G 0-G 0-G 

14 Min 35 Min 9f Min 125 Min ~ Coast Coast Coast Coast Coast 

Max ] Min Max | Min Max Min Max | Min Max Min Max I Min Max Min Max I Min Max Min 


125 84 

188 175 

225 180 

292 198 

362 300 3 

200 


99 186 130 

175 209 185 




149 287 205 128 87 112 78 97 70 205 147 

189 295 198 187 177 182 175 175 175 222 188 


245 308 213 318 233 392 285 238 182 210 167 160 132 313 233 

206 315 223 323 236 397 267 254 192 233 187 233 190 320 235 



289 337 244 334 


398 282 345 278 347 288 363 310 328 250 


9 <9 

9 «9 

7 «7 

9 <^7 



<9 «9 «9 «9 «9 «9 

<9 «9 «9 «9 «9 «9 

<7 «7 «7 «7 «7 «7 

<7 «7 1 «7 «7 1 «7 «7 


C-2 C-1 I C-2 C- 


200 215 220 300 270 320 295 340 330 230 

330 310 360 317 285 332 315 380 390 240 

(253J* (247)* (264)* (365lC (368f 

310 315 295 325 290 335 310 355 340 305 

150 265 285 300 95 



11 «9 

11 <9 

































THERMAL AND HEAT TRANSFER 


ClgNftAA, OVHAMirg 
Cmw mir Onmm 


m LO2 TANK SHIELD INSULATION KIT 

» THERMAL RESPONSE AND LO2 TANK FLIGHT HEAT RATES 

• INTERMEDIATE BULKHEAD PERFORMANCE FROM PROPELLANT ENERGIT BALANCES 

• TANK VENT SYSTEMS 

— THERMAL RESPONSE 

• ELECTRONIC EQUIPMENT 

— THERMAL RESPONSE AND PERFORMANCE 

• HYDRAULIC SYSTEM 

— THERMAL RESPONSE AND PERFORMANCE 

• H2O2 SYSTEM 

— THERMAL RESPONSE AND PERFORMANCE 

• H2O2 SYSTEM EXHAUHT IMPINGEMENT HEATING ENVIRONMENT 

• MAIN PROPULSION SYSTEM 

— THERMAL RESPONSE AND PERFORMANCE 

^ • THERMAL CONTROL SUMMARY 
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THERMAL CONTROL SUMMARY 


SBISI8RAL OYNAMIOB 

Comair OMshn 


• PRELAUNCH PURGING AND GAS CONDITIONING PROVIDED SATISFACTORY THERMAL 
CONTROL OF EQUIPMENT AND PAYLOAD. 


• INSULATIONS, NEW HEAT TRANSFER ATTENUATING STRUCTURE, AND THE NEW 3-LAYER 
RADIATION SHIELD SYSTEMS PERFORMED WITHIN PREDICTIONS PROVIDING EXCELLENT 
THERMAL PROTECTION OF CRYOGENS DURING SPACE OPERATIONS. 

• ASCENT THERMODYNAMIC AND VENTING ENVIRONMENTS AND RESPONSES WERE WITHIN 
PREDICTIONS AND CONFIRMED THE ACCEPTABILITY OF H 2 O 2 ENGINE FIRING WITHIN 
THE ISA. 


• TANK VENT SYSTEMS THERMAL RESPONSE AND CONTROL WAS SATISFACTORY. SECOND 
TTTAN/CENTAUR FLIGHT CONFIRMED LO 2 VENTING DURING AND AFTER PERIODS OF TANK 
PRESSURE AND ACCELERATION COMBINATIONS CONDUCIVE TO BULK BOILING OF THE 
LO 2 WHICH PUSHES LIQUID BULK FORWARD WITH SPILLAGE INTO THE STAND PIPE. 

• THERMAL CONTROL OF EQUIPMENT WAS SATISFACTORY DURING SPACE OPERATIONS OF 
TC-2 DURATIONS. OVERHEATING TRENDS WERE DEVELOPING ON THE DCU AND S-BAND 
TRANSMITTER AGGRAVATED BY SOLAR ENTRAPMENT AND RERADIATION OBSTRUCTION BY 
THE HELIOS ENVIRONMENTAL SHIELD, LOCAL HIGH DENSITY OF ’’HOT" PACKAGES, AND 
THERMAL MANEUVER WITH REPEATED, MAXIMUM SOLAR ASPECT ON ALTERNATE ROLLS. 

• HYDRAULIC SYSTEM THERMAL CONTROL WITH 3-LAYER RADIATION SHIELD BOOTS 
WAS SATISFACTORY. 
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THERMAL CONTROL SUMMARY 


Commr DMsion 


H2O2 SYSTEM THERMAL CONTROL WAS SATISFACTORY WITH HEATED LINES AND 3-LAYER 
SHIELD BOOTS ON UNHEATED SECTIONS AND FITTINGS. REDUNDANT PARALLEL FLOW 
FEATURE WAS NOT EXERCISED. ’’HOT” ZONES DEVELOPED ON HEATED LINES IN RADIA- 
TION TRAPPED LOCATIONS COMBINED WITH MAXIMUM DIRECT AND VEHICLE REFLECTED 
SOLAR RADIATION. 


•’FREE” PLUME IMPINGEMENT HEATING RATES TO SURFACES AND EXPOSED COMPONENTS 
WERE WITHIN PREDICTIONS. HEATING RATES WERE SOMETIMES HIGHER THAN PREDICTED 
IN PLUMES SUBJECTED TO DEFLECTION, COMPRESSION, OR SHOCK INTERACTION BY 
ADJACENT VEHICLE SURFACES. 

ENGINE IMPINGEMENT SHIELDS WERE LESS EFFECTIVE THAN ASSUMED DUE TO GREATER 
INFLOW AND CONDUCTIVE/CONVECTIVE DEGRADATION BY H2O2 EXHAUST PRODUCTS. 

TEMPERATURE RISE ON THE LO2 TURBOPUMP DURING COASTS WAS HIGHER THAN PRE- 
DICTED DUE TO A COMBINATION OF WARMER TURBINE AT MECO, HIGHER IMPINGEMENT 
SHIELD HEAT TRANSFER DEGRADATION, MAXIMUM SOLAR ASPECT TO THE SUN AND RE- 
FLECTION FROM THE ENGINE CHAMBER. ENVIRONMENT/ THERMAL MODEL MODIHCA- 
TION ACHIEVED PREDICTIVE AGREEMENT WITH FUGHT DATA. 


ENGINE CHAMBER BELLS LOCALLY HEATED HIGHER THAN PREDICTED FOR DIRECT SOLAR 
IMPINGEMENT DUE TO UNIDENTIFIED NICKEL SPLASH COAT. CHAMBER WEIGHTED AVER- 
AGE TEMPERATURE FOR LONG SPACE COAST SATISFIES 570 "R MAXIMUM ALLOWABLE 
FOR RESTART. 









I 


I 

THERMAL CONTROL SUMMARY 

t 

A 


GENKWAL DYNAMICS 

ConvMtr Division 


• BOOST PUMP THERMAL RESPONSE AND CONTROL WAS SATISFACTORY AND WITHIN 
PREDICTIONS INCLUDING EXTRAPOLATION OF RESPONSE TO 5-1/4 HOUR COAST. 


^ • MAIN PROPELLANT DUCTS WITH 3 -LAYER RADIATION SHIELDING RETAINED PARTIAL 

J LIQUID FOR MOST, IF NOT ALL, OF COAST CONTRIBUTING TO WEIGHTED AVERAGE 

TEMPERATURE WITHIN PREDICTIONS AND PRECTART DURATIONS WITH SIGNIFICANT 
1 MARGIN. 


• ADVERSE OVERHEAT TREND DURING LONG COASTS WITH VEHICLE HIGH DENSITY EQXHP- 
MENT COMPLEMENT TO BE ALLEVIATED BY PRECESSING THERMAL MANEUVER. 


I 


1 


1 

1 

J 


1 

i 
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TC-2 POST HELIOS EXPERIMENT DATA REVIEW 


gKNBWAU OYNAMIC» 

Commit Oh ww on 

31 Oct 75 


I 

INTRODUCTION 

HUBER 

n 

PROPELLANT BEHAVIOR 

MERINO 

m 

HELIUM USAGE 

MERINO 

IV 

PROPELLANT TANK PRESSURIZATION 

MERINO 

V 

PROPELLANT TANK THERMODYNAMICS 

MERINO 

VI 

COMPONENT HEATING & THERMAL CONTROL 

CHRISTENSEN 

vn 

MAIN ENGINE SYSTEM 

HUBER 

vm 

H2O2 CONSUMPTION 

HUBER 

DC 

BOOST PUMP POST-MECO PERFORMANCE 

HUBER/MERINO 

X 

OVERVIEW OF OTHER SYSTEMS 

HUBER 
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MAIN ENGINE PERFORMANCE 


gBNUAL PYNAMICg 

Ctm«vOM(aan 

31 Oct 75 


All important engine parameters indicated normal operating conditions during the 3rd and 
4th bums. 


MAIN ENGINE PERFORMANCE PARAMETERS 


■■NBWAU DYMIAMICT 

CotMuk Dimio n 

31 Oct 75 


Meas 



Bum 
No. 1 

Bum j 
No. 2* 

1 Bum 

i No. 3 

Bum 
No. 4 

1 

Typ ”D' 

' Centaur 

No. 

Description 

Units 

MESl 

MECOl 

MEC02 

MES3 

MEC03 

MES4 

MEC04 

MES2 

R 1 ECO 2 

CP46P 

Cl Thrust Chamber Press 

psia 

2 

392 

396 

2 

398 

2 

394 

0 

388 

CPIB 

Cl Pump Speed 

rpm 

0 

12300 

12240 

0 

12300 

0 

12610 

0 

12300 

CP7P 

Cl Fuel Venturi Inlet 
Press 

psia 

16 

744 

756 

16 

760 

16 

771 

16 

740 

CP107P 

C 1 LO 2 Pump Discharge 
Press 

psia 

118 

605 

601 

115 

611 

115 

637 

115 

611 

CP194P 

C 1 LH 2 Pump Discharge 
Press 

psia 

24 

990 

996 

18 

1002 

24 

1025 

t 

t 

CP5T 

Cl Turbine Inlet Temp 

"F 

-73 

-65 

-64 

-108 

-66 

-96 

-105 

-136 

-81 

CP47P 

C2 Thrust Chamber Press 

psia 

4 

396 

398 

4 

398 

4 

3&S 

2 

388 

CP2B 

C2 Pump Speed 

rpm 

0 

12240 

12180 

0 

12000 

0 

12610 

0 

12300 

CP8P 

C2 Fuel Venturi Inlet 
Press 

psia 

16 

723 

727 

12 

723 

12 

744 

20 

760 

CP108P 

C2 LO 2 Pump Discharge 
Press 

psia 

112 

598 

592 

109 

605 

109 

630 

109 

608 

CP195P 

C2 LH 2 Pump Discharge 
Press 

psia 

29 

965 

971 

24 

972 

24 

1007 

T 

t 

CP6T 

C2 Turbine Inlet Temp 

op 

-68 

-88 

-87 

-171 

-91 

-116 

-121 

-136 

-79 


* MES2 Data Not Available 
^ Data Not Available 
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MAIN ENGINE START PERFORMANCE 


a»N«WAt. DYWAMIO 

Ountmir DM$ion 

31 Oct 75 


• Slower accelerating engines resulted in reduced start impulse during the 3rd and 4th 
start transients. 

• C-2 engine start impulse was lowest of all flights to date. 
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START IMPULSE 


START IMPULSE SUMMARY (PER ENGINE) 


QBNgRAL DYNAMICS 
Convmr Dvvtsion 

31 Oct 75 


PWA 

ENGINE 

SPECIFI- 

CATION 


14750 




'? § 12 


PWA 

lAT 

DATA 


OBSERVED FLIGHT DATA (PWA CALCULATED) 

1 MESl 

MES2 

MES3 

MES4 1 

MAX. - MIN. 
(AC-22 — 31 & 
AC -34 
FLIGHTS) 

TC-2 

FLIGHT 

MAX. - MIN. 
(AC-25, 26, 28, 
29, 31 & 34 
FLIGHTS) 

TC-2 
FL Jl T 

TC-2 FLIGHT 


(AC -26 C-1) 


(AC-28j:-2)^f 
11465 (C-1) I 


9719 IC-2 




^10400 (AVG)l^? 


liAC-^ c-;^ 


7409 (C-2) 


8903 (C- IP 


6507 (C-2 


CORRECTED 
TO STANDARD 
CONDITIONS 


NOT CORRECTED 
-TO STANDARD- 
CONDITIONS 
























START IMPULSE DIFFERENTIAL 


g»N«WAU DYUtAMICg 

C amo fr DMtion 

31 Oct 75 


The slower accelerating C-2 engine resulted in large (but acceptable) start 
impulse differentials. 







ERENTIAL 


GENERAL DV NAM IC S 

Commit Drvnion 


SUMMARY 3ioct75 


MES2 

MES3 

MES4 1 

MAX. - MIN. 
(AC -25, 26, 28, 
29, 31, & 34 
FLIGHTS) 

TC-2 

FLIGHT 

TC-2 FLIGHT 

1965 (AC -26) 


1909 

2396 

4111 


1033 (AVG.) 




37 (AC -35) 








START IMPULSE DIFFERENTIAL EFFECTS 


' MAXIMUM VEHICLE TURNING RATES 

DURING ENGINE IGNITION TRANSIENT - 
j DEGREES PER SECOND 

i PITCH YAW ROLL 

I MESl -1.50 -0.12 -1.40 

RATES DAMPED TO 0.3 DEG/SEC OR LESS 
' BY MESl +4 SECONDS 

MES2 -4.30 -0.40 -3.60 

I 

[ TLM DATA OBSCURED BY NOISE BEFORE 

DAMPING OF MES TRANSIENT. HOWEVER, 

; DAMPING APPEARED IMMINENT 

t 

MES3 -8.0 +0.3 -4.2 

I RATES DAMPED TO LESS THAN 0.5 DEG/SEC 

BY MES3 +7.5 SECONDS 

I MES4 -9.3 +1.2 -4.7 

RATES DAMPED TO LESS THAN 0.5 DEG/SEC 
BY MES4 +8 SECONDS 


\ 

I 


GENERA U DYNAMtCS 
Con¥9tr t>Msfon 

31 Oct 75 


MAXIMUM ENGINE 
GIMBAL ANGLE - 
DEGREES 

+1.36 

(Cl PITCH) 

+2.4 

(Cl, C2 PITCH) 
+1.28 

(Cl, C2 PITCH) 
+ 1.6 

(Cl, C2 PITCH) 
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INLET TEMPERATURE 


ENGINE INLET CONDITIONS WERE 
SATISFACTORY FOR ALL BURNS 
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MAIN ENGINE LO ? PUMPS 
NPSP CONDITIONS 


MAIN ENGINE LH ? PUMPS 
NPSP CONDITIONS 


-290 


O -310 


NOMINAL CENTAUR - 
START CONDITIONS 


ALLOWABLE 
START CONDITIONS 


\ I i I 
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20 40 GO 80 100 120 140 

LOo PUMP INLET PRESSURE - PSIA 


w 
K 
D 
H 

g -418 


M —424 


N LINE 





NOMINAL » 

CENTAUR START 
CONDITIONS 


I ALLOWABLE 
START CONDITIONS 


LHo PUMP INLET PRESSURE - PSIA 







MES3 



































MAIN ENGINE CUT-OFF IMPULSE WAS NEAR NOMINAL 
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CUT-OFF IMPULSE — 

LB-SEC 

CHAMBER 

PRESSURE 

DATA 

GUIDANCE 

DATA 

EXPECTED 

MECOl 

3320 

3550 ± 200 

3250 i 930 

MEC02 

3487 

3660 ± 100 

3250 930 

MEC03 

3363 

3540 ± 100 

3250 ± 930 

MEC04 

3360 

3440 ± 100 

3250 ± 930 


CUT-OFF IMPULSE 
DIFFERENTIAL - LB-SEC 


CHAMBER 

PRESSURE 

DATA 

MECOl 

29 

MEC02 

4 

MEC03 

34 

MEC04 

7 

AVERAGE (AC30-35) 


MECOl 

131 

MEC02 

83 



MECO THRUST TRANSIENT 
DISTURBANCES — MAX 
VEHICLE RESIDUAL RATE 
DEG PER SEC 

PITCH 

YAW 

ROLL 

MECOl 

-0.24 

-0. 10 

-0.46 

MEC02 

+0.02 

0 

1 

o 

00 

o 

MEC03 

-0.24 

+0. 12 

-0.44 

MEC04 

-0. 16 

+0.34 

-0.72 
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1ST BURN 


3RD BURN 


4TR BURN 


LH? BOOST PUMP PERFORMANCE- 
SPEED 


GENERAL DYNAMICS 
Convatr Dtvaton 


31 Oct 75 


CP16B LHg BOOST PUMP SPEED 
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MEC04 INITIATION BASED ON VEHICLE WEIGHT 


gBN KRAU DYNAMICS 
Conymr Divmon 
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• FOURTH BURN TERMINATED BY DCU CALCULATED TOTAL VEHICLE WEIGHT 
BASED ON SENSED ACCELERATION. 

• REQUIRED TO ASSURE ADEQUATE PROPELLANTS FOR POST MEC04 BOOST 
PUMP EXPERIMENT. 

• TECHNIQUE DEMONSTRATED TO BE SATISFACTORY 

A POST FLIGHT ESTIMATED VEHICLE WEIGHT AT MEC04 OF 6365 LB 
WAS 165 LB GREATER THAN TARGETED VALUE OF 6200 LB (REF. - 
GDC REPORT 672-1-75-017) 

- ATTRIBUTED PRIMARILY TO DIFFERENCE BETWEEN NOMINAL 
THRUST LEVEL USED BY SOFTWARE TO COMPUTE WEIGHT 
AND ACTUAL THRUST LEVEL CALCULATED FROM POST- 
FUGHT ANALYSIS OF ENGINE DATA. 

PLAN TO USE BIASED WEIGHT CUTOFF LEVELS FOR TC-5. 
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TC-2 POST HELIOS EXPERIMENT DATA REVIEW 


GENHRAL DYN AMICS 
Convtir Division 
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I 

INTRODUCTION 

HUBER 

u 

PROPELLANT BEHAVIOR 

MERINO 

HI 

HELIUM USAGE 

MERINO 

IV 

PROPELLANT TANK PRESSURIZATION 

MERINO 

V 

PROPELLANT TANK THERMODYNAMICS 

MERINO 

VI 

COMPONENT HEATING & THERMAL CONTROL 

CHRISTENSEN 

vn 

MAIN ENGINE SYSTEM 

HUBER 

1^ vm 

H 2 O 2 CONSUMPTION 

HUBER 

DC 

BOOST PUMP POST-MECO PERFORMANCE 

HUBER/MERINO 

X 

OVERVIEW OF OTHER SYSTEMS 

HUBER 
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HgOy CONSUMPTION SUMMARY 


ACTUAL VS. 


GKNKRAL DYNAMICS 
Convmtr Dwaion 


PREDICTED 
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EVENT 

TOTAL H 2 O 2 CONSUMED (LB) 

CALCULATED ACTUAL 

PREDICTED^ 

MECOl 

18.2 

18.1 

MEC02 

182.6 

181.6 

MEC03 

238.0 

237.4 

MEC04 

331.0 

360.7 

START DEPLETION 

356.0 

382.8 

EXPERIMENT 



AT DEPLETION 

476.0 

476.0 


*PREFLIGHT PREDICTION CORRECTED FOR ACTUAL 
BURN TIMES AND COAST TIMES. 
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H^O? CONSUMPTION DIFFERENCES ARE ATTRIBUTED 
TO 3RD COAST P/Y ENGINE USAGES 


ClBNgRAI, DYNAMIOI 

Convmir Drvaion 

31 Oct 75 


3RD COAST MODE 

CONSUMPTION (LB) 

ACTUAL 

PREDICTED 

P&Y CONTROL - ZERO-G 

6.4 

21.6 

THERMAL MANEUVERS (6) 

9.3 

23.6 

P/Y WARMING (1) 

2.9 

2.9 

S WARMINGS (2) 

0.0 

0.2 

PROGRAMMED VENT (1) 



2S ON (180 SEC) 

1.3 

2.2 

4S ON ( 40 SEC) 

0.4 

0.4 

PRE-MES4 SETTLING: 



2S ON (300 SEC) 

2.1 

3.2 

4S ON (119.4 SEC) 

2.2 

1.0 

TOTAL 

(24.6) 

(55.1) 
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INTRODUCTION 
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IV 

PROPELLANT TANK PRESSURIZATION 
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MERINO 

VI 

COMPONENT HEATING & THERMAL CONTROL 

CHRISTENSEN 

vn 

MAIN ENGI^;E SYSTEM 

HUBER 

vm 
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HUBER 
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BOOST PUMP POST-MECO PERFORMANCE 
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OVERVIEW OF OTHER SYSTEMS 
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7^ X 
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i> 4 

X 

60,300 

63,000 

7L 3 

J 

NO PEAK 

45,920 

7F :s 

X 

56,170 

53, 550 

AC ;p; ' 

' J 

35,900 

52,500 

A' ;pi P'/f'/l 

MECOX 

57,760 

58 , 520 


r<>',V(l,V/ Ol MAX AJJ/iV/AJ{l,f, VKJ<Kr;H MAX KXPKCTED TIJRBINE SPEED WITH 
JitjpW.V 'V/H'M-M fHEF. <inC HEPOPT KS-S-43) 

* MAX AI.M<WA»il,K J t/HHINK KPEEf) 

IJNI'I - JO-IJNJ't 'nmiilNE PIWXJF TEST 
I DHMINE MI/UH'I I E8TS - 4 SAMPLES, 

I Air.llltE OCCIJKKfNC; AT 


A MAX PMEDH’I'Et) TOHIUNE HI»EEI) 

- ANALVnCAl, ME'I'HOn I 
ANAt.V'IK^AI, MEIIIOI) 2 
IIASEDON U*H<’ TEST HESULTS 


SPEED - RPM 


65,650 

77.000 

78.000 
83,600 

>85,330 

LOo UNIT LHo UNIT 
60,000 66,000 

58,000 60,000 

65.000 


<X)N('I.IISinN - MAX SPEED 'niinUNE IS WITHIN RANGE CONSIDERED 
HAKE AND A(’(?EP rAIU.E 
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P0ST-MEC04 BOOST PUMP EXPERIMENT 


QI»N»RAI, DYNAMICS 

Commit Orvcnbi i 
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SEQUENCE OF EVENTS 

• START 4S SETTLED THRUST AT MEC04 +200 SECONDS. 

• START BOOST PUMPS AT MEC04 +280 SECONDS. 

• OPEN PRESTART VALVES AT MEC04 +300 SECONDS. 

• STOP BOOST PUMPS AT MEC04 +305 SECONDS. 

• END 4S SETTLED THRUST AT MEC04 +306 SECONDS. 

PROPELLANT TANK CONDITIONS AT BOOST PUMP START 

• LH2 is settled. LO 2 IS PARTIALLY SETTLED. 

• UQUID RESIDUALS 302 LB LH 2 AND 790 LB LO 2 . 

• VAPOR INGESTION SHOULD NOT OCCUR DURING EXPERIMENT. 

• LH 2 IN SUMP IS SATURATED AT TANK PRESSURE 
LH2 bulk is saturated at tank PRESSURE. 

• LO 2 IN SUMP IS SATURATED AT TANK PRESSURE 
LO 2 BULK IS SUBCOOLED BY 2.1 PSID. 

• AN UNKNOWN QUANTITY OF VAPOR EXISTS IN THE SUMPS AND BOOST PUMPS 
AS A RESULT OF BOILING AT MEC04. 
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PROPELLANT CONDITION AT START OF 
BOOST PUMP EXPERIMENT 


GENERAL DYNAMICS 
ConvMir Division 
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Ui2 BOOST PUMP PERFORMANCE 


a »N«RAL DYNAMICg 

Comtttt DMtion 


31 Oct 75 


• NO TANK PRESSUraZATION WAS PROVIDED. 

• PERFORMANCE APPEARED NORMAL UNTIL BPS +15 SECONDS, AT WfflCH TIME CAVITA- 
TION OCCURRED. 

• CAVITATION WAS REFLECTED IN BOOST PUMP PERFORMANCE BY EXHIBITING A LOSS 
OF HEAD RISE AT THIS TIME. 

• A SUDDEN DROP IN HEAD PRESSURE AND A CORRESPONDING SUDDEN INCREASE IN PUMP 
SPEED OCCURRED JUST BEFORE PRESTART. 

• THE BOOST PUMP RECOVERED SHORTLY AFTER PRESTART FLOW WAS INITIATED. 

THE FOLLOWING EXPLANATION IS GIVEN FOR THE OBSERVED BOOST PUMP OPERATION 

• DURING BOOST PUMP OPERATION BEARING COOLANT HYDROGEN FLOWED INTO THE 
SUMP AS A TWO PHASE MIXTURE. 

• DUE TO THE LOW-G CONDITION (0.003 G’S) VAPOR DID NOT RISE FROM THE SUMP AND 
BEGAN TO ACCUMULATE. 

• CAVITATION OCCURRED AT BPS +15 SECONDS AS A RESULT OF ACCUMULATED VAPOR 
SPILLING INTO BOOST PUMP INLET DUCT. 

• CALCULATED VAPOR ACCUMULATION BY BPS +15 SECONDS IS 0.93 FT^. MAXIMUM 
VOLUME BELOW INLET DUCT IS 0. 83 FT^. 

CONCLUSIONS 

• BOOST PUMP PERFORMANCE WOULD HAVE BEEN NORMAL THROUGH MES HAD PRE- 
START OCCURRED AT BPS +11 SECONDS, OR EARLIER, AS WITH THE PREVIOUS 
FLIGHT EXPERIENCE. 

• FOR FUTURE MISSIONS PRESTART MUST OCCUR NO LATER THAN BPS +15 SECONDS IN 
ORDER TO AVOID CAVITATION. 
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lo2 boost pump performance 

(MEC04 TO PROPELLANT SETTLING) 


GBNBRAL. DYNAMICS 

Convmir Oivaion 

31 Oct 75 


• LIQUID WITHIN THE THRUST BARREL BECAME UNSETTLED AFTER MEC04 DUE TO THE 
MOMENTUM OF THE VOLUTE FLOW INTO THE TANK. 

* VOLUTE FLOWRATE = 21.5 GPM = 3.3 LB/SEC. 

A EXIT AREA = THREE 1/4 INCH DIA. HOLES. 

A EXIT VELOCITY = 47.7 FT/SEC (PURE LIQUID). 

• AT MEC04 +4 SECONDS PUMP CAVITATION OCCURRED. CAVIATION WAS CAUSED BY BOILING 
AT MEC04 AND A TWO -PHASE FLUID CONDITION CREATED BY THE VOLUTE FLOW DURING 
PUMP SPINDOWN. 

A 490 LB LO 2 CONTAINED WITHIN THRUST BARREL (67% VAPOR BY VOLUME CON- 
TAINED WITHIN THRUST BARREL.) 

* VOLUTE FLOW MOMENTUM DURING 4 SECONDS OF SPINDOWN = 630 LB- 

A FLUID AGITATION CREATES TWO PHASE FLUID (67% BY VOLUME) MOTION OF 
1.29 FT/SEC. 


• BY INITIATION OF PROPELLANT SETTLING (MEC04 +200) FLUID MOTION HAS DECAYED AND 
LIQUID COLLECTS IN THE SUMP. 


• LIQUID PUMPING BEGAN AT MEC04 +203, AS EVIDENCED BY A HEAD RISE OF 27 PSID (MAX). 
CAVITATION OCCURRED 8 SECONDS LATER. 


A 


A 


IT IS BELIEVED THAT CAVITATION WAS CAUSED BY THE UNSETTLING INFLUENCE 
OF THE VOLUTE FLOW. 

FT 

THE VOLUTE FLOW MOMENTUM WAS ABOUT 600 LB- DURING THE 8 SECOND 
PUMPING PERIOD. 
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L02 boost pump performance fEXPER I ME NT) 


gBNBRAI. DYNAMICS 

Commir DMtion 
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• THE PUMP CAVITATED UNTIL BPS +4.5 SECONDS AND THEN PUMPED LIQUID UNTIL 
BPS +9.5 SECONDS. 

A A HIGH VAPOR CONCENTRATION WAS PRESENT AT THE PUMP AT BPS. 

A CAVITATION AT BPS +9.5 SECONDS WAS PROBABLY CAUSED BY THE VOLUTE 
FLOW {MOMENTUM INPUT WAS ABOUT 600 LB- PT ). 

SEC 

• PUMP LOADING AND UNLOADING PERSISTED UNTIL BOOST PUMP CUTOFF +100 SECONDS. 

• BOOST PUMP INLET TEMPERATURES INDICATED COOLING AND HEATING TRENDS OF 
O.S^F (MAX) AND 0.7"F (MAX), RESPECTIVELY. 

• LO 2 TANK PRESSURE INCREASED BY 0.2 PSID DURING THE EXPERIMENT. 


CONCLUSIONS 


• VOLUTE RETURN FLOW RESPONSIBLE FOR PUMP CAVITATION. 

• FOR FUTURE MISSIONS CAVITATION WILL BE A CONCERN FOR ENGINE STARTS AT LOW 
LIQUID LEVELS. 
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TC-5 IMPLICATIONS 


GENERAI- OYNAMICS 
Conv»ir Division 


31 Oct 75 


lhq tank 

• THE LH 2 BOOST PUMP IS EXPECTED TO PERFORM SATISFACTORILY FOR ALL RESTARTS. 
THE EXPERIMENT DEMONSTRATED THAT SATISFACTORY PUMP PERFORMANCE IS POSSI- 
BLE WITH NO PRE PRESSURIZATION. 

LO 9 TANK 

• CAVITATION WILL BECOME AN INCREASING CONCERN FOR THE LATER MAIN ENGINE 
STARTS. POTENTIAL FLUID CONDITIONS WITHIN THE THRUST BARREL ARE GIVEN BELOW: 


EVENT 

LH2 mass 

LB 

PERCENT 
VAPOR VOL. 

AP REQUIRED FOR 
BUBBLE COLLAPSE, PSID 

MES4 

1285 

13 

0.36 

MESS 

987 

33 

1.21 

MES6 

o76 

40 

1.61 

MES7 

721 

51 

2.51 



TC-2 


MES4 (TC-2) 

1421 

3.7 

0.12 
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MERINO 
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VI 
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CHRISTENSEN 

vn 

MAIN ENGINE SYSTEM 

HUBER 

vm 

H2C2 CONSUMPTION 

HUBER 

DC 

BOOST PUMP POST-MECO PERFORMANCE 

HUBER/MERINO 

A X 

OVERVIEW OF OTHER SYSTEMS 

HUBER 
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OVERVIEW OF OTHER SYSTEMS 


^ • PROPELLANT UTILIZATION SYSTEM 

• HYDRAULIC SYSTEM 

• GUIDANCE AND CONTROL 

• ELECTRICAL SYSTEM 

• RF AND INSTRUMENTATION 

• PNEUMATICS SYSTEM 
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GENERA L DYNAMICS 
Convair Division 
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PROPELLANT UTILIZATION 


GENERAL DY NAMICS 

Convair Division 


31 Oct 75 


DURING THIRD BURN THE PU VALVES WERE KEPT AT NULL BECAUSE 
OF THE SHORT BURN DURATION OF 11 SECONDS. 

DURING FOURTH BURN THE VALVES MOVED TO THE CLOSED LIMIT SOON 

AFTER UNNULLING AND REMAINED AT THIS LIMIT UNTIL MECO. THIS 

WAS DUE TO A LARGE FUEL -RICH ERROR AT THE START OF FOURTH 

♦ 

BURN. THE SYSTEM WOULD HAVE REQUIRED AN ADDITIONAL 40 TO 50 
SECONDS OF ENGINE OPERATION TO CORRECT OUT THIS ERROR. 
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FOURTH BURN PROPELLANT RESIDUAL 


GENERAL DYNAM ICS 
Convair Division 

31 Oct 75 


TOTAL LO 2 (LB) 

TOTAL LH 2 (LB) 

PREDICTED 

ACTUAL 

PREDICTED 

ACTUAL 

725 

791* 

195 

303 


* ACTUAL LO 2 RESIDUAL WAS BASED UPON LO 2 PU PROBE UNCOVERY TIME 
OF MECO-5.02 SECONDS. 

^ SINCE LH 2 PROBE DID NOT UNCOVER, ACTUAL RESIDUAL WAS CALCULATED 
FROM THE PU ERROR SIGNAL BASED UPON TIME OF LO 2 PROBE UNCOVERY. 
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FOURTH BURN PROPELLANT 


C-l PU VALVE ANGLE VERSUS COMMANDED ANGLE 



PU ERROR IN POUNDS 
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OVERVIEW OF OTHER SYSTEMS 


GENERAL DYNAMICS 
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• PROPELLANT UTILIZATION SYSTEM 

^ • HYDRAUUC SYSTEM 

• GUIDANCE AND CONTROL 

• ELECTRICAL SYSTEM 

• RF AND INSTRUMENTATION 

• PNEUMATICS SYSTEM 
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HYDRAUL 1C SYSTEM 


GENERAL _pyjM/^IC5 
Convtir Division 
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• THE HYDRAUUC SYSTEM PROVIDED SATISFACTORY Cl AND C2 PRESSURES DURING THE 3RD 
AND 4TH BURNS AND DURING PERIODS OF RECIRCULATION PUMP OPERATION. 

STEADY STATE HYDRAULIC POWER PACKAGE PRESSURES (PSIA) 



RECIRCULATION PUMP 

ENGINE PUMP 


PRE-MES3 

PRE-MES4 

MES3 + 2 SEC 

MEC03 

MES4 + 2 SEC 

MEC04 

Cl POWER PACK 

142 

142 

1132 

1132 

1147 

1132 

C2 POWER PACK 

142 

142 

1147 

1147 

1147 

1147 


• THE C2 RECIRCULATION PUMP WAS ACTIVATED 4 TIMES BY THERMOSTAT CONTROL (10 ± 6 
DGF) NEAR THE END OF THE 3 -HR COAST FOR PERIODS OF 28,5, 6, AND 5 SECONDS. DE- 
ACTIVATION (EXPECTED AT 30 ± 6 DGF) OCCURRED WITHOUT SIGNIFICANT RISE OF THE 
MANIFOLD TEMPERATURE (CH6T). INVESTIGATION REVEALED THIS TO BE NORMAL BE- 
HAVIOR OF THE THERMOSTAT CONTROL WHEN SUBJECTED TO A SHALLOW TEMPERATURE 
GRADIENT. 
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PROPELLANT UTILIZATION SYSTEM 
HYDRAULIC SYSTEM 
GUIDANCE AND CONTROL 
ELECTRICAL SYSTEM 
RF AND INSTRUMENTATION 


PNEUMATICS SYSTEM 


GENERAL DYNAMICS 
Convatr Division 

31 Oct 75 


THE DIGITAL COMPUTER UNIT (DCU) 
HARDWARE/SOFTWARE PE RFO RM AN C E W A S SATISFACTORY 


• SCU SWITCH COMMANDS WERE GENERATED IN CORRECT SEQU- 
ENCE WITH NO INADVERTENT COMMANDS. 

• D/A OUTPUT AND A/D INPUT CONVERSIONS WERE PERFORMED 
WITHOUT INCIDENT. 

• ALL SOFTWARE MODULES PERFORMED SATISFACTORILY. 

• PERMANENT MEMORY CHECKSUM VALUE REMAINED CONSTANT. 

• ecu FORMATTING OF PCM AND DCU DATA WAS SATISFACTORY. 
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GENERAL DYNAMICS 
Convtir Division 


NAVIGATION AND GUIDANCE FUNCTIONS PERFORMED 

AS PLANNED 


31 Oct 75 


• NAVIGATION (POSITION AND VELOCITY) PROVIDED CONTINUOUSLY THROUGH ALL COAST AND 
POWERED PHASES. 

• CENTAUR ORIENTED TO -R VECTOR (PLUS 1 DEGREE) DURING THIRD COAST AND MAINTAINED 
THERE FOR REST OF FLIGHT. 

• ALL SIX THERMAL ROLLS DURING THIRD COAST PERFORMED AT 28-MINUTE INTERVALS 
AS PLANNED. 

• BOTH BURNS WERE UNGUIDED WITH: 

1. INTEGRAL CONTROL USED AFTER MES3 +7 SECONDS DURING THIRD BURN. 

2. INTEGRAL CONTROL PLUS GUIDANCE ATTITUDE VECTOR USED AFTER MES4 +7 SEC- 
ONDS DURING FOURTH BURN. 

• ALL ENGINE START AND CUTOFF TIMES WERE CLOSE TO NOMINAL. MEC04 WEIGHT CUTOFF 
CALCULATIONS WERE SATISFACTORY. 

• IMG U, V,W ACCELEROMETER BIAS ERRORS DURING COAST BETWEEN 3RD AND 4TH BURNS 
WERE 42, 72, AND -30 /[iG, RESPECTIVELY (3 -SIGMA ERROR VALUE WAS 144 /LlG). 
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CENTAUR ORBITS 


GENERAL DYNAMICS 
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THIRD BURN ORBIT 

FOURTH BURN ORBIT 

PARAMETER 

PALTT* 

GUIDANCE t 

DIFFER- 

ENCE* 

PALTT* 

GUIDANCE t 

DIFFER- 

ENCE* 

EPOCH (SEC) 

5,788 

5, 792 

+4 

16, 636.5 

16, 650.0 

+ 13.5 

PERIGEE ALT (NM) 

200.4 

208.7 

+8.3 

851.9 

951.8 

+ 99.9 

APOGEE ALT (NM) 




81,474.2 

85,597.4 

+123.2 

SMA (NM) 

-34, 760 

-34, 699 

+61 

44, 607 

46, 718 

+111 

ECC 

1.104842 

1.105268 

+0. 000426 

0.903697 



INCUNATION (DEG) 

29.815 

1 

29.918 

+0. 103 

29.815 

31.764 

+ 1.949 

ARG OF PERIGEE 
(DEG) 

230.451 

230.602 

+0.151 

215.651 

216.232 

+ 0.581 

C3 (Km2/SEc2) 

6.19 

6.20 

40.01 

-4.82 

-4.61 

+ 0.21 

TRUE ANOMALY 
(DEG) 

114.703 

114.641 

-0.062 

151.989 

151.066 

- 0.923 


* GDC PRELAUNCH ACTUAL LAUNCH TIME TRAJECTORY. 
TELEMETERED DATA. 

GUIDANCE MINUS PALTT. 


I 

I 
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THIRD AND FOURTH BURN ORBIT INCLINATION DIFFERENCES 


• THIRD AND FOURTH BURN ORBITAL INCLINATIONS 
WERE 0.1 AND 1.95 DEG GREATER THAN PALTT VALUES. 

« NOT A PROBLEM AS GUIDANCE WAS OPEN LOOP AND 
PRECISE ORBITS WERE NOT REQUIRED. 

© DIFFERENCES ATTRIBUTED TO OUT-OF-PLANE VELO- 
CITIES DUE TO C.G. OFFSETS, THRUST MISALIGNMENTS, 
AND GUIDANCE HARDWARE ERRORS (RESOLVER CHAIN 
AND ASSOCIATED ELECTRONICS). 

• POSTFLIGHT ANALYSIS INDICATES C.G. OFFSET WAS 
THE MAIN CONTRIBUTOR. 
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COAST PHASE AUTOPILOT 


GENERAL DY N AMIC S 
ConvBtr Division 
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• THE ATTITUDE CX)NTROL SYSTEM MAINTAINED VEHICLE STABILITY SATISFACTORILY AT OR 
WITHIN THE CONTROL THRESHOLDS THROUGHOUT THE COAST PHASES. 

• ALIGNMENT TO -1r VECTOR STARTED AT MEC02 + 116 SECONDS (MAXIMUM RATE 0.1 DE- 
GREES/SECOND) AND WAS MAINTAINED THROUGHOUT THE REMAINDER OF MISSION. 


TYPICAL 0-G AVERAGE ATTITUDE CONTROL ENGINE DUTY CYCLES 


CONTROL 

AXIS 

AVERAGE DUTY CYCLES (%)* 

CONTROL THRESHOLDS 

MINON (SEC) 

RATE 

(DEG/SEC) 

ATTITUDE 

(DEG) 

POSITIVE 

NEGATIVE 

PITCH 

0.08 

-0. 064 

1.2 

9.6 

0.4 

YAW 

0.08 

-0. 096 

1.2 

9.6 

0.4 

ROLL 

0.036 

-0.036 

2.25 

9.0 

0.1 


* TYPICAL MEASURED DURING 1-HR COAST (2565 TO 3845 AND 4135 TO 5340 SECONDS). 


• 180-DEGREE THERMAL ROLL MANEUVERS WERE ACCOMPLISHED SATISFACTORILY EVERY 
28 MINUTES DURING THE 3 -HR COAST AT A 2 -DEGREES/SECOND RATE. 
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POWERED PHASE AUTOPILOT 


G ENB.RAL DYNAWHCS 
Convafr Division 
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® STABILITY V/AS MAINTAINED THROUGHOUT THE THIRD AND FOURTH BURNS. 

e MAXIMUM ENGINE DEFLECTIONS WERE 1.3 DEGREES (3RD BURN) AND 1.6 DEGREES (4TH 
BURN) DURING THE START TRANSIENTS. 


d START TRANSIENT INDUCED RATES LARGER THAN USUAL DUE TO LACK OF PAYLOAD. 
MAXIMUM ATTITUDE AND RATE ERRORS DURING START TRANSIENTS 



TC-2 3RD BURN 

TC-2 4TH BURN 

AC -31,32,34,35,36 & 
TC-2 2ND BURN 

CONTROL 

AXIS 

MAX ATTITUDE 
ERROR (DEG) 

MAX RATE 
(DEG/SEC) 

MAX ATTITUDE 
ERROR (DEG) 

MAX RATE 
(DEG/SEC) 

AVG. MAX RATE 
(DEG/SEC) 

PITCH 

-5.2 

-8.0* 

-5.8 

-9.3* 

-0. 83 ± 8. 82 

YAW 

+1.6 

+0.3 

+2.7 

+1.2 

-0.19 + 1.68 

ROLL 

-1.6 

-4.2 

-2.5 

-4.7 

-2.87 + 3.36 


* PREDICTED WORST CASE RATE MAXIMUM = -24.5 DEG/SEC 
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® PROPELLANT UTILIZATION SYSTEM 
® HYDRAULIC SYSTEM 
» GUIDANCE AND CONTROL 

• ELECTRICAL SYSTEM 

• RF AND INSTRUMENTATION 


• PNEUMATICS SYSTEM 
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ELECTRICAL SYSTEM VOLTAGES 
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MEAS. 

NO. 

DESCRIPTION 

UNITS 

T-0 

S/C SEP 

MES3 

MEC03 

MES4 

MEC04 

LOS 

(18,960 

SEC) 

EXPECTED RANGE 

CE28V 

BUS 1 VOLTAGE 

VDC 

28,3 

28.3 

28.5 

28.5 

28.8 

28.8 

29.0 

28.0 MIN @ LIFTOFF 
28.0 ± 2 VDC INFLIGHT 

i 

CE600V 

BATT 1 VOLTAGE 

VDC 

28.3 

28.3 

28.5 

28.6 

28.9 

28.9 

28.9 

i 


CE609V 

BATT 2 VOLTAGE 

VDC 

29.0 

28.7 

28.6 

28.6 

28.9 

29.0 

30.0 


f 

CE610V 

BATT 3 VOLTAGE 

VDC 

28.7 

28.4 

27.9 

29.0 

28.3 

29,1 

29.1 

T 

28.6 Mm @ LIFTOFF 
28.0 ± 2 VDC mFUGHT 



1 

SPACECRAFT 

SEPARATION 

1 

MESS 

^NOMINAL EXPECTED 

MES4 





BOOST PUJMLP 
EXPERtMENT 


2400 


7200 96 

TIME m SECONDS FROM SRM IGNITION 


OVERVIEW OF OTHER SYSTEMS 


GENERAL PYNAB/KCS 
Cotwair Division 


31 Oct 75 


s PROPELLANT UTILIZATION SYSTEM 
e HYDRAULIC SYSTEM 
e GUIDANCE AND CONTROL 
® ELECTRICAL SYSTEM 
e RE AND INSTRUMENTATION 
* PNEUMATICS SYSTEM 
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TANANARIVE 

CARNARVON 

ORRORAL 

VALLEY 

GUAM 

HAWAH 


TELEMETRY DATA COVERAGE WAS CONTINUOUS 
THROUGHOUT THE POST-HELIOS EXPERIMENT PHASE 


G^^ERAL DYNAM ICS 
Convair Division 

31 Oct 75 


r REORIENT TO -R VECTOR 


SELECT HI GAIN 
ANTENNAS 



r-S/C SEP. 


T I 

1000 2000 


T 

3000 


TELEMETRY SIGNAL STRENGTH 
INCREASED APPROXIMATELY 25 DB 


t-MES3 

I-MEC03 


T 

4000 5000 (5000 9000 10000 11000 12000 17000 18000 19000 20000 

TIME IN SECONDS FROM SRM IGNITION 


t-MES4 

UNLOCK 
lrMEC04 (-VENT 

VALVES 


T 






T 


T 


T 


PREDICTED IHHHBl 

ACTUAL 

REPORTED 



INSTRUMENTATION SYSTEM 


GENERAL DVNAMICS 
CoavBfr Division 
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TOTAL MEASUREMENTS INSTRUMENTED 569 


PCM 

523 

FM/FM 

23 

24 BIT DCU WORDS 

23 


99.5% DATA RECOVERY WAS ADEQUATE FOR EVALUATION 
OF ALL POST-HEUOS EXPERIMENT PHASE OBJECTIVES. 
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C-BAND BEACON RADAR TRACKING SYSTEM 


{agWKRAt. OVNAMIC3S 
CanvMlr Divition 

31 Oct 75 



AQUISITION 
OF SIGNAL 

LOSS OF 



STATION/RADAR 

(SEC) 

SIGNAL (SEC) 

MODE* 

COMMENTS 

CAP CANAVERAL/ 1. 16 

0 

375 

AB 

The beacon was tracked continuously by one - 

MERRITT ISLAND/19. 18 

10 

492 

AB 

or more radar stations until loss-of-signal 
(LOS) at Antigua (762 seconds). 

GRAND BAHAMA ISLAND/3.13 

69 

86 

AB 


86 

270 

OAPFB 

Following Antigua LOS, no tracking of the 


270 

272 

OAPFS 

Centaur beacon was planned until acquisi- 


272 

299 

AS 

tion-of-signal (AOS) by the Hawaii radar 


299 

311 

AB 

(5 , 333 seconds). The prefli^t RF linlc an- 


311 

316 

OAPFB 

alysis had indicated that tracking by the 


343 

365 

AB 

Hawaii radar and subsequently by the Canton 

GRAND TURK/ 7. 18‘^' 

368 

513 

OAPFB 

Island radar would be marginal due to the 
extreme slant range. The Hawaii station did 

259 

350 

AB 

report tracking the beacon but ejqjerienced 

ANT[GUA/91. 18 

407 

762 

AB 

difficulties and significant loss of data. 

HAWAII/FPS-16 

5,333 

10,786 

AB 

The Canton Island station reported receiving 

CANTON ISLAND 

6,240 

6,<=i00 

AB 

no valid tracking data as the wrong range 


7,567 

7,800 

AB 

interval was being used. 


8,220 

8,400 

AB 



8,576 

8,636 

AB 



*MODE OF TRACK; AB - AUTOBEACON 


AS - AUTOSKIN 

OAPFB - ON-AXIS POWERED FLIGHT BEACON 
OAPFS - ON-AXIS POWER FLIGHT SKIN 

^SWITCHED TO TE-M-364-4 BEACON AT 350 SECONDS, 

* INTERMITTENT TRACK DURING THIS PERIOD. 
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@ PROPELLANT UTILIZATION SYSTEM 
9 HYDRAULIC SYSTEM 

• GUIDANCE AND CONTROL 

• ELECTRICAL SYSTEM 

• RF AND INSTRUMENTATION 

• PNEUMATICS SYSTEM 
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PNEUMATIC SYSTEM 


gUNKRAL PYMAMig« 
CcmMir Divithit 
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• PROPER H 2 O 2 BOTTLE PRESSURES PROVIDED THROUGHOUT PLIGHT. 

e TANK PRESSURES MAINTAINED WITHIN EXPECTED LIMITS DURING ALL 
PRESSURIZATION AND VENT PHASES. 

e ENGINE CONTROL PRESSURE WAS MAINTAINED WITHIN PROPER LIMITS 
THROUGH THE FINAL BURN. 

« STARTING 480 SECONDS AFTER MEC04 THE ENGINE CONTROL PRESSURE 
EXHIBITED ABNORMAL FLUCTUATIONS. 
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ENGINE CONTROLS REGULATOR ANOMALY 


CSgWgRAL 


PYWlMtCaS 
Coimir Dhn^ 
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ANOMALY 

Regulator output pressure increased from 468 psi to 522 psi. Regulator operating limits 
are 440 to 475 psi. 

MOST LIKELY CAUSE 

Small contaminant (25ju thick) trapped between a ball and its seat within the regulator, 
preventing the ball from seating properly, thus increasing helium flow. 

DISCUSSION 

Regulator inlet pressure of 628 psi insufUcient to crush contaminant. Inlet spec, is 700 
to 3360 psi. The consequences of a repeat on a future flight are considered negligible. 
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